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(54) Verticany-allgned (VA) liquid crystal display device 


(57) A vertically alignment mode liquid crystal dis- 


mined voltage is applied, and oblique when an 


play device having an improved viewing angle charac- 


intermediate voltage is applied. At least one of the sut>- 


teristic is disclosed. The disclosed tk|uid crystal display 


strates includes a structure (20) as domain regulating 


device uses a liquid crystal having a negative aniso- 


means, arxi inclined surfaces of the structure operate 


tropic dielectric constant and orientations of the Ik^uki 


as a trigger to regulate azimuths of the ok)lique orienta- 


crystal are vertical to substrates (12.13) when no volt- 


tions of the liquid crystal when the intermediate voltage 


age being applied, almost horizontal when a predeter- 


Is applied. 
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Description 



LCD^* ^'^^ invention relates to a liquid crystal display (LCD), and more particulariy to a vertically-alianed (VA) 

' , ^.C? "at-panel displays enjoying image quality equivalent of the one offered by the CRT, it is a liquid crystal dis- 
play (LCD) that has been most widely adapted nowadays. In parUeular. a thin-film transistor arn type LCD fTFT LCD) 
has been adapted to public welfare-related equipment such as a personal computer, word processor and OA equip- 
ment, and home electric appliances including a portable television set, and expected to further expand its market 
. '® ^ demand for further improvement of image quality. A description will be made by taidng the TFT 

IP LCD for instance. However, the present invention is not fimited to the TFT LCD but can apply to a dnple matrix LCD a 
plasma addressing type LCD and so forth. Generafly. the present invention is applicable to LCDs which include liquid 
crystal sandwiched between a pair of substrates on which electrodes are respectively formed and carry out diSDiays by 
applying voltage between the electrodes. •uiai'wysoy 

« n^J^'^J^"^^^ " ■ "wnwlly^ite mode that is implemented in a twisted 

IS nemaUc (TNi LCD. The technology of manufacturing the TN TFT LCD has outstandingly advanced In recent years 
Coiitrast and color reproducibility provided by the TN TFT LCD have surpassed those offered by the CRT. However the 

/r!n:r .. f i ^ « ""fra* viewing angle ranga This poses a problem that the application of the TN 

LULi IS limited. 

In an effort to solve these problems. Japanese Examined Patent Publication Nos. 53-48452 and 1-120528 have 
w proposed an LCD adopting a mode referred to as an IPS moda 

However, the IPS mode suffers from slow switching. At present, when a motion picture representing a fast motion 
IS displayed drawbacl« including a drawback that an image streams ttfo place. In an actual panel, therefore, for 
improvinQ the response speed, the aOgnment tBm is not rubbed parallel to the electrodes but rubbed in a direction 
shiftoJ by about 1 5*. However, even when the direction of nibbing is thus shifted, since the response time pemiitled by 
thelPS mode is twice longer than the one pennitled by the TN mode, the response speed is very low. Moreover when 
n*bing is earned out in the direction shifted by about 1 5°. a viewing angle characteristic of a panel does not become 
uniform between the right and left sides of the panel. Gray-scale reversal occurs relative to a specified viewing angle 

As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewing 
angle characteristic of the TN mode has the problem that the characteristics c^ed by the IPS mode other than the 
viewing angle characteristic are insufficient A verfcafly-aHgned (VA) mode using a vertical angnment film has been pro- 
posed, -me VA mode does not use a rotary polarization effect which is used in the TN mode, but uses a birefringent 
Cdouble refrachon) effect The VA mode is a mode using a negative Squid crystal material and vertical alignment film. 
When no voltage is applied, liquid crystalline molecules are aligned in a vertical direction and black display appears 
When a predeternrtined voltage is applied, the liquid crystalline molecules are aligned in a horizontal direction and white 
display appears. A contrast in display offered by the VA mode is higher than that offered by the TN mode. A response 
fSI* If ^ ' ^ ^ excellent viewing angle characteristic is provided for wrhite display and black display The 
VA mode IS tiieretore attracting attention as a novel mode for a Dquid crystal display. 

»u !^^^' *^ *® problem as the TN mode concerning halftone display, that is, a problem that 

the ligjrt intensity of display varies depending on the viewing angia The VA mode provides a much higher contrast than 
the TN mode and Is superfor to the TN mode In terms of a viewing angle characterisHc concerning a viewing angle or 
a viewing angle characteristic, because even when no voltage Is applied, liquid crystaHne molecules near an alignment 
fi^ are aligned neariy vertically. However, the VA mode is inferior to the IPS mode in terms of the viewing angle char- 
actenstic. 

Itis known that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be improved 
Dy s^ng the orientaton directions of the nqiid crystalline molecules Inside pixels to a pluralHy of mutually different 
directions. Generally, the orientation direction of the liquid crystalline molecules (pre-tilt angles) which keep contact with 
a subsb^e surface in the TN mode are restricted by the direction of a rubbing treatment applied to the alignment film 
1 ne rubbing treatment is a processing which rubs the surface of the alignment film in one direction by a cloth such as 
rayon, and the liquid crystalline molecules are orientated in the rubbing direction. Therefore, viewing angle performance 
can be improved by maWng the njbbing direction different inside the pixels. 

Though the mbbing treatment has gained a wide application, it Is the treatment that mbbs and consequentiy dam- 
ages, the surface of the alignment fflm and Involves the problem that dust Is likely to occur. 

A method which Ibrms a concavo-convex pattern on an electrode Is known as another method of restricting the pre- 
tmangle of the liquid crystalline molecules In the TN mode. The liquid crystalline molecules in the proximity of the elec- 
trodes are orientated along the surface having the concavo-convex pattern. 

It is known that viewing angle performance of a liquid crystal display device in the VA mode can be in^roved by 
setting the orientation directions of the liquid crystalline molecules inside pixels to a plurafity of mutually different direc- 
tions. Japanese Unexamined Patent Publication (Kbkai) No. 6-301036 discloses a LCD in which apertures are provided 
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on a counter electrode. Each aperture fiaces a center of a pixel electrode and oblique electric fields are generated at a 
center of each pixel. The orientation directions of the liquid crystalline molecules inside each pixel are divided into two 
or tour directions due to the oblique electric fields. However, the LCD disclosed in Japanese Unexamined Patent Publi- 
cation (Kokat) No.6-301036 has a problem that its response (switching) speed is not enough, particularly, a response 

5 speed for transition from a state in which no voltage is applied to a state in which a voltage is applied is slow. A cause 
of this problem is presumed that no oblique electric field exists when no voltage is applied between the electrodes. Fur- 
ther, because a length of each area having continuously oriented liquid crystalline molecules in each pixel Is a half of a 
pixel size, a time for all liquid crystalline molecules in each area to be oriented in one direction becomes long. 

Further. Japanese Unexamined Patent Publication (Kbkai) No. 7-199193 discloses a VA LCD in which elopes hav- 

10 ing different directions are provided on electrodes and the orientation directions of the liquid crystalline molecules inside 
each pixel are divided. However, according to the disclosed constitutions, the vertical alignment film fonmed on tiie 
slopes are rubbed, therefore, the VA LCD disclosed in Japanese Unexamined Patent Publication (Kokai) No-7-1 99193 
also has the above-mentioned problem that dust is likely to occur. Further, according to the disclosed constitutions, the 
size of the slopes is a half of the pixel, therefore, all liquid crystalline molecules faces the slopes are inclined, a good 

IS black display cannot t>e obtained. This causes a reduction of contrast Further, Inclination angles of the slopes are small 
because two or four slopes are provided across each pixel, it is found that the gentle slopes cannot fully define the ori- 
entation directions of the liquid crystalline molecules. In order to realize steep slopes, it is necessary to increase a thick- 
ness of a structure having slopes. However, when the thickness of the structure becomes large, charges accumulated 
on the structure becomes large. This causes a phenomenon that the liquid crystalline mcl^:ule3 do net char^ge their 

20 orientations when a voHage is applied due to the accumulated charges. This phenomenon is so-called a bum. 

As described cibove. there are some problems to realize a division of orientatton directions of the liquid crystalline 
molecules for improving the viewing angle performance in the VA LCD. 

It is desirable to improve a viewing angle characteristic of a VA liquid crystal display, and to realize a VA liquid crys- 
tal display exhibiting a viewing angle characteristic that is as good as the one exhit>ited by the IPS mode or better than 
it while permitting the same contrast and operation speed as the conventional Gquid crystal displays. 

According to an embodiment of tiie present invention, In the VA mode employing a conventional vertical alignment 
film and adopting a negative liquid crystal as a liquid crystal material, a domain regulating means is included for regu- 
lating the orientation of a liquid crystal In whiich liquid crystalline molecules are aligned ot^llquely when a voltage is 
applied so that the orientation will Include a plurality of directions whhin each pixel. The domain regulating means is pro- 

30 vided on at least one of the suk>strates. Further, at least one of domain regulating means has Inclined surfaces (slopes). 
The inclined surfaces Include surfaces which are almost vertical to the sut^strates. Rubbing need not be performed on 
the vertical alignment film. 

In the VA LCD device, when no voltage is applied, in almost all regions of the liquid crystal other than the protru- 
sions, liquid crystalline molecules are aligned nearly vertically to the surfcices of the substratea The liquid crystalline 

35 molecules near ttie inclined surfaces also orientates vertically to Uie inclined surfaces, therefore, the liquid crystalline 
molecules are inclined. When a voltage is applied, the liquid crystalline molecules tilt according to an electric field 
strength. Since the electric fields are vertical to the substrates, when a direction of tilt is rv>t defined by carrying out rub- 
bing, the azimuth in whteh the liquid crystalline molecules tilt due to the electric fields includes all directions of 360°. If 
there are pre-tilted liquid crystalline molecules, surrounding liquid crystalline molecules are tilted in the directions of the 

40 pre-tilted liquid crystalline molecules. Even when rubbing Is not earned out. the directions In which tiie liquid crystalline . 
molecules lying in gaps between the protrusions can be restricted to the azimuttis of the liquid crystalline molecules In 
contact with the surfaces of the protrusions. When a voltage is increased, the negative liquid crystalline molecules are 
tilted in directions vertical to the electric fields. 

As mentioned above, the Inclined surfaces fill the role of a trigger for determining azimuths in which the liquid crys- 

-"^ talline molecules are aligned with application of a voltage. The inclined sur^ces need not have large area. With small 
inclined surfaces, when no voltage is applied, the liquid crystalline molecules in almost all the regions of the liquid-crys- 
tal layer except the inclined surfaces are aligned vertically to the surfaces of the substates. This can result in a neariy 
periect black dSsplay. Thus, a contrast can be raised. 

Reference will now be made. tDy way of example, to the accompanying drawings, in which: 

so 

Figs. 1 A and 1 B are diagrams for explaining a panel structure arxl an operational principle of a TN LCD; 

Rgs. 2A to 2C are diagrams for explaining a change of viewing according to a change of viewing angle in the TN 

LCD; 

Figs. 3A to 3D are diagrams for explaining an IPS LCD; 
55 Fig. 4 is a diagram giving a definition of a coordinate system employed In studying viewing of a liquid crystal display 
as an example of the IPS LCD; 

Fig. 5 is a diagram showing a gray-scale reversal areas in the IPS LCD; 

Figs. 6A and 6B are diagrams showing examples of changes in display luminance levels of display in relation to tiie 
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polar angle; 

Figs. 7A to 7C are diagrams for explaining a VA LCD and problems thereof; 

Rgs. 8A to 8C are diagrams for explaining rubbing treatment; 

Figs. 9A to 9C are dlagranfis for explaining principles of the present Invention; 

Rgs. 10A to 10C are diagrams fbr explaining determination of an orientation by protrusions; 

Rgs. 1 1 A to 11 C are diagrams showing examples of the protrusions: 

Rgs. 12Ato 12C are diagrams showing exarrples of realizing the domain regulating means; 

Rg. 13 is a diagram showing overall configuration of a liquid crystal panel of the first embodiment; 

Rg& 14A and 14B are diagrams showing the structure of a panel In accordance with a first embodiment: 

Rg. 15 is a diagram showing the relationship between a pattern of protrusions and pixels In the first errtbodlment; 

Rg. 1 6 is a diagram showing the pattern of protrusions outside a display area of the first embodiment; 

Rg. 17 Is a sec&onal view of the LCD panel of the first embodiment 

Rgs. 18A and 18B are diagrams showing the position of a Pquid-crystal Injection port of the LCD panel of the first 
embodiment; 

Rg. 19 is a diagram showing contours of protrusions in a prototype of the first embodiment defined by performing 
measurement using a tracer type coating thickness meter; 

Rgs. 20A and 20B are diagrams Indicating a change In response speed according to a change of spacing between 
protrusions in the panel of the first embodiment; 

Rg. 21 Is a diagram indicating a change in switching speed according to a change of spacing between protrusions 
in the panel of the first embodiment; 

Rg. 22 is a diagram showing a viewing angle characteristic of the panel of the first embodiment; 
Rgs. 23A to 23C are diagrams showing changes in display lufTiinance levels of the panel of the first entxxJiment; 
Rgs. 24A and 248 are diagrams showing changes in display luminance levels of the panel of the first en*>odiment: 
Rg. 25 is a diagram showing a viewing angle characteristic of the panel of the fast embodiment having a phase- 
difference film; 

Rgs. 26A to 26C are diagrams showing changes in display luminance levels of the panel off the fust enft)odlment 
having a phase-difference film; 

Rg. 27 is a diagram fbr explaining occurrence of light leakage near the protrustons; 
Rg. 28 is a diagram showing a change in transmittance according to a change of applied voltage; 
Rg. 29 is a diagram showing a change in contrast ratio according to a change of applied voltage; 
Rg. 30 is a diagram showing a change in transmittance of white display according to a change of heIgN of protru- 
sions in the panel of the first embodiment; 

Rg. 31 is a diagram showing a change in transmittance of black display according to a change of height of protru- 
sions in the panel of the first embodiment; 

Rg. 32 is a diagram showing a change in contrast ratio according to a change of height of protrusrans in the panel 
of the first embodiment; 

Rg. 33 is a diagram showing a pattern of protrustons of the second embodiment: 

Rg. 34 is a diagram showing a pattern of protrusk)ns of a third embodiment; 

Rg. 35 Is a diagram showing a nx>dif ication of the pattern of protmsions off the third embodiment; 

Rg. 36 is a diagram showing an alignment of liquid crystalline molecules near apices of the protrusions; 

Rgs. 37A and 37B are diagranris showing shapes of protrusions of a fourth embodiment; protrusions; 

Rgs. 38A and 38B are diagrams showing a structure of a panel of a fifth embodiment; 

Rg. 39 is a diagram showing a pattern of slits of a pixel electrode of the fifth ennbodiment; 

Rg. 40 is a diagram showing an example of alignment of liquid crystalline molecules at a connectmn of slits; 

Rg. 41 is a diagram showing genergrtions of domains in the panel of the fifth emt>odiment; 

Rg. 42 Is a diagram showing shapes of protrusions and sfrts off a sixth embodiment; 

Rg. 43 is a diagram showing generations off domains at comers of the protrusions and slits In the panel of the sixth 
embodiment; 

Rg. 44 is a plan view of pixel portion in a LCD panel of the sixth embodiment; 
Rg. 45 is a diagram showing a pattern of pixel electrodes of the sixth embodiment; 
Rg. 46 is a sectional view of the LCD panel of the sixth embodiment; 

Rg. 47 is a diagram showing a viewing angle characteristic of the panel of the sixth embodiment; 

Rgs. 48A to 48C are diagrams showing changes In display luminance levels of the panel of the sixth erTA)Odiment; 

Rgs. 49A and 49B are diagrams showing a modification of pattern of pixel electrodes of the sixth erribodiment; 

Rgs. 50 A and 50B are diagrams showring a pattern of pixel electrodes and a structure of a panel of the seventh 

embodiment; 

Rg. 51 is a plan view of pixel portion in a LCD panel of the seventh enribodiment; 
Rg. 52 is a diagram showing a structure of a panel of an eighth embodiment; 
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Figs. 53A to 53J are diagrams showing a process for producing a TFT substrata of the eighth embodiment; 
Fig. 54 is a diagram showing a pattern of protrusions a panel of a ninth embodiment; 
Fig. 55 is a plan view of pixel portion In a LCD panel of the ninth embodiment; 
Fig. 56 is a diagram showing a modification of pattern of protrusions of the ninth embodiment; 
5 Figs. 57A and 57B are diagrams for explaining influences of oblique electric fields at edges of an electrode; 

Fig. 58 is a diagram for explaining a problem occurred in a structure using zigzag protrusions; 
Fig. 59 is a diagram showing in enlarged form the neighborhood of a portion where a schtieren structure is 
observed; 

Fig. 60 is a diagram showing a region where response speed are reduced; 
10 Figs. 61 A and 61 B are sectional views of the portions where the response speed is reduced; 

Rgs. 62A and 62B are diagrams showing a fundamental anrangement of a protrusion with respect to an edge of 
pixel electrode in a tenth en^ocfiment; 

Fig. 63 is a diagram showing an arrangement of protrusions In the tenth embodiment; 
Fig. 64 is a detailed diagram showing a cCstinctive portion of the tenth embodiment; 
IS Figs. 65A and 65B are diagrams for explaining a change in orientation direction by irradiation of ultraviolet tight; 
Fig. 66 is a diagram showing a modification of the tenth embodiment; 

Figs. 67A to 67C are diagrams for explaining desirable arrangements of the protrusions and an edge of the pixel 
electrode: 

Fig. 68 is a diagram for explalnJng desirable arrangements of the depressions and an edge of the pixel electrode: 
20 Rgs. eSA and 69B are diagrams showing desirable arrangements of the protrusions and edges of the pixel elec* 
trode; 

Rgs. 70A and 70B are diagrams showing a pattern of protrusions of a eleventh embodiment 
Fig. 71 is a diagram showing an example in which discontinuous protrusions are provided in each pixel; 
Rg. 72 is a diagram showing shapes of the pixel electrodes and protrusions of a twelfth emt>odiment; 
Fig. 73 is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a twelfth embodi- 
ment; 

Fig. 74 Is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a twelfth embodi- 
ment; 

Rg. 75 is a diagram showing a pattern of protrusions of a thirteenth embodiment; 
30 Figs. 76A and 768 are sectional views of the third embodiment; 

Figs. 77A and 77B are diagrams showing an operation of a storage capacitor (CS) and a structure of electrodes; 
Rgs. 78A and 78B are diagrams showing an arrangement of protrusions arxi CS electrodes of a fourteenth embod- 
iment; 

Figs. 79A and 79B are diagrams showing an arrangement of slits arxi CS electrodes of a modification of the fbur- 
35 teenlh embodiment; 

Figs. 80A and 808 are diagrams showing an arrangement of protrusions and CS electrodes of an anottier modifi- 
cation of the fourteenth emtxxjiment; 

Rgs. 81 A and 818 are diagrams showing an arrangement of protrusions and CS electrodes of an anotiier modifi- 
cation of the fourteenth embodiment; 
40 Rg 82 is a diagram showing a pattern of protrusions of the fifteenth embodiment; 

Figs. 83A to 83D are diagrams fbr explaining alignment changes of the liquid crystalline molecules in the f ifteenth 
embodiment; 

Rg. 84 is a diagram showing a viewing angle characteristic of the panel of the fifteenth embodiment; 

Figs. 85A to 85D are diagrams showing changes of response times t>etween gray-scale levels in the fifteenth 

embodiment TN LCD. and ether VA LCDs; 

Rgs. 86A and 868 are diagrams showing an arrangement of protrusions of a modification of tiie f ifteentfi emtxxii- 
ment; 

Fig. 87 is a diagram showing an arrangement of protrusions of another modification of the fifteenth embodiment; 

Fig. 88 is a diagram showing an arrangement of protrusions of another modification of the fifteenth embodiment; 
50 Fig. 89 is a diagram showing an arrangement of protrusions of another modification of the fifteenth embodiment; 

Figs. 90A and 90B are diagrams showing a structure of protrusions of a sixteenth embodiment; 

Fig. 91 is a diagram showing an arrangement of protrusions of the sixteenth err^Kxiiment; 

Figs. 92A arid 928 are diagrams showing a structure of a panel of a seventeenth embodiment; 

Rg. 93 Is a diagram showing a structure of a panel of a eighteenth embodiment; 
55 Rg. 94 is a diagram showing a structure of a panel of a nineteenth emtxxilment; 

Rg. 95 is a diagram showing a structure of a panel of a twentieth embodiment; 

Fig. 96 is a diagram showing a structure of a panel of a modification of the twentieth emtxxiiment; 

Fig. 97 is a diagram showing a structure of a panel of anotiier modification of the twentieth embodiment; 
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Fig. 98 IS a diagram showing a structure of a panel of another mocfrfication of the twentieth embodiment 

Rgs. 99A and 99B are diagrams showing a structure of a panel of a 21 sii embodiment: 

Rgs. 100A and 100B are diagrams for explaining an influence of an assembly error to the alignment division; 

Figs. 1 01 A and 1 01 B are diagrams showing a structure of a panel of a 22nd embodiment; 

Rg. 102 Is a diagram showing a structure of a pane! of a 23rd embodiment; 

Rgs- 103A and 103B are diagrams showing a structure of a panel of a 24th embodiment; 

Rg. 104 Is a diagram showing a pattern of protrusions to which the structure of the 24th embodiment is applied; 

Rgs. 105A and 105B are diagrams showing a structure of a panel of a 25th embodiment; 

Rg. 106 is a diagram showing a structure of a panel in which a relationship of response time with respect to a gap 

length between protrusions is measured; 

Rg. 107 Is a diagram showing the relationship of response time with respect to the gap length; 
Rgs. 1 08A and 1 0BB are diagrams showing a relationsh^ of a transmittance with respect to a gap between protru- 
sions; 

Figs. 109A and 109B are diagrams showing an operational principle of the 25lh embodiment; 
Rg. 110 is a diagram showing a structure of a panel of a 26th embodiment; 
Rg. 1 1 1 1s a diagram showing a viewing angle characteristic of the panel of the 26th en*odlment; 
Rg. 112 is a diagram showing a pattern of protrusions of normal types; 

Rg. 1 13 Is a tiidgram showing wavelength dtepersion characteristic of the optical anisotropy of the liquid crystal; 

Rg. 1 14 is a diagram showing a pattern of protrusions of a 27in errcodiment; 

Rg. 1 15 is a diagram showving a relation between an applied voltage and transmittance; 

Rg. 1 16 is a diagram showing a pattern of protrusions of a 28th embodiment; 

Rg. 1 1 7 is a diagram showing a pattern of protrusions of a 29th embodiment; 

Rg. 1 1 8 a diagram showing a pixel structure of the 29th embodiment; 

Rg. 1 19 is a diagram showing shapes of protrusions of a 30th embodiment; 

Rg. 120 is a diagram shewing a change of transmittance according to a change of height of protrusions; 
Rg. 121 is a diagram showing a change of a contrast ratio according to a change of height of protrusions; 
Rg. 122 is a diagram showing a change of transmittance in white level according to a ctiange of height of protru- 
sions; 

Rg. 123 Is a diagram showing a change of transmittance In black level according to a change of haght of protru- 
sions; 

Rgs. 1 24A and 1 24B are diagrams showing pixel structures of an modification of the 30th entodiment; 

Rgs. 125A and 125B are diagrams showing shapes of protrusions of a Sist embodiment; 

Rg. 126 is a diagram showing a relationship between a twisted angle and a thickness of liquid crystal \smr in a 

panel of the VA LCD; 

Rg. 127 is a diagram showing a relationship between a relative luminance of white level and a retardation of liquid 
crystal in the panels of the VA LCD and TN LCD; 

Rg. 128 is a diagram showing relationships between transmittances and a retardation of liquid crystal at respective 
wavelengths in the panel of the VA LCD; 

Rg. 1 29 Is a diagram showing relationships between response times and a gap between protrusions at respective 
wavelengths In the panel of the VA LCD; 

Rg. 130 is a diagram showing relationships between an aperture ratio and a gap between protrusions at respective 
wavelengths in the panel of the VA LCD; 

Rg. 131 is a diagram showing a structure of a panel of a 32nd embodiment; 
Rg. 132 is a diagram showing a structure of a panel of a modification of the 32nd embodiment; 
Rg. 133 is a diagram showing a structure of a TFT substrate of a 33rd embodiment; 
Rgs. 134A and 134B are diagrams showing a pattern of protrusions of the 33rd embodiment: 
Rg. 135 is a diagram showing a structure of a panel of a 34th embodiment; 
Rgs. 136A and 136B are diagrams showing a pattern of protrusions of the 34th entodiment; 
Rgs. 137A to 137D are diagrams showing a process for producing a TFT substrate of the 35th enixxiiment; 
Rg. 1 38 is a diagram showving a structure of a TFT substrate of the 35th embodiment; 
Rgs, 1 39A to 139E are diagrams showing a process for producing a TFT substrate of the 36th embodiment; 
Rgs. 140 A and 140B are diagrams for explaining a problem of dielectric substance on an electrode; 
Rgs. 141 A and 141 B are diagrams showing a structure of protrusions of a 37th embodiment; 
Rgs. 142A to 142E are diagrams showing a process for producing protrusions of the 37th entediment; 
Rg. 143 is a diagram showing a structure of protrusions of a 38th embodiment; 
Rgs. 1 44A and 144B are diagrams showing a change of a shape of a protrusion due to baking; 
Rgs. 145 A to 145E are diagrams showing a change of the shape of the protrusion according to baking tempera- 
tures; 
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Figs. 146A to 146C are diagrams showing a change of the shape of the protrusion according to a width of the pro- 
trusion: 

Figs. 147A and 147B are diagrams showing protrusions and a forming cpnditton of the vertical alignment film; 
Rgs. 148A to 148C are diagrams showing an example of a method of forming protrusions accorcfing to a 39th 
5 embodiment; 

Figs. 149A and 148B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment; 

Fig. 150 is a diagram showing an another example of a method of forming protrusions according to the 39th 
embodiment: 

10 Figs. 1 51 A and 151 B are diagrams showing changes of a repellent occurence ratio accorcfing to the ultraviolet light 
irradiation; 

Figs. 1 52A to 1 52C are diagrams showing an another example of a method of forming protrusions according to the 
39th emtxxiiment: 

Rgs. 1 53A to 1 53C are dagrams showing an another example of a method of forming protrusions according to the 
IS 39th embodiment; 

Rgs. 154A and 154B are diagrams showing an another example of a method of fbrming protrusions according to 
the 39th embodiment; 

Figs. 155A and 155B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment; 

20 Rg. 156 is a diagram showing a tenrperature condition of the method shown in Rgs. 155A and 155B; 

Rg& 1 57A to 1 57C are diagrams showing an another example of a method of forming protrusions according to the 
39th emtxxiiment; 

Rg. 158 is a diagram showing a structure of a panel of a prior art provided with black matrices; 

Fig. 159 is a diagram showing a structure of a panel of a 40th embodiment; 

Fig. 1 60 is a diagram showing a pattern of protrusions of the 40th emtxxJiment; 

Fig. 161 is a diagram showing a shade pattern (black matrices) of a 41th embodiment; 

Fig. 162 is a sectional view of a panel of the 41 st embodiment: 

Rg. 163 is a diagram showing pixels and a pattern of protrusions of a 42nd embodiment; 
Rg. 164 is a diagram showing a structure of a prior art panel having spacers; 
30 Rg& 1 65A and 1 65B are diagrams showing structures of panels of a 43rd emt>odiment and an modification thereof; 
Rgs. 166A and 166B are diagrams showing structures of panels of modifications of the 43rd embodiment; 
Fig. 167 is a diagram showing a structure of a panel of a modification of the 43rd embodiment; 
Figs. 168A to 168C are diagrams showing a process of a panel of a 44th embodiment; 

Rg. 169 is a diagram showing a relationship between a scattered density of spaceiB and a ceil gap in the 44th 

35 embodiment; 

Fig. 1 70 is a diagram showing a relationship between a scattered density of spacers arxl generations of tilemishes 
when a force is applied to the panel; 

Figs. 1 71 A and 1 7 1 B are diagrams showing chenrvcal formulas of crown added to protrusion materials so that the 
protrusions have ion absorption at)iiity; 
40 Rgs. 172A and 172B are diagranns showing chemical fbrnulas of kryptand added to protrusion materials so that 
the protrusions have Ion absorption ability; 

Rgs. 1 73 A and 1 73B are diagrams showing structures of CF sut)strates of a 45th embodiment and a modification 
thereof: 

Fig. 1 74 is a diagram showing a structure of a panel of a 46th embodimerrt; 

Rg& 175A and 175B are diagrams showing structures of CF substrates of another modifications of the 46th 
embodimerrt; 

Figs. 176A arxl 176B are diagrams showing structures of CF sutistrates of arxTther modificattons of the 46th 
embodiment; 

Rgs. 177A and 177B are diagrams showing structures of CF substrates of another modifications of the 46th 
so embodiment; 

Fig. 178 is a diagram showing a structure of a panel of an another modification of the 46th enrtediment; 

Rgs. 179A and 179B are (fiagrams showing structures of CF substrates of another modiflcattons of the 46th 

embodiment; 

Rgs. 180 A and 180B are diagrams showing structures of CF suk>strates of another modifications of the 46th 
55 embodiment: 

Rg& 181 A to 181 G are diagrams showing a process for fbrming protrusions on the CF substrate according to a 
47th embodiment; 

Rg. 182 is a diagram showing a structure of a panel of the 47th embodiment; 
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Figs. 1 83A and 1 80B are diagrams showing a process for forming black matrices of the CP substrate according to 
a 48th embodiment; 

Rgs. 1 84A and 1 84B are diagrams showing a structure of a panel of the 48th embodiment: 

Rgs. 185A to 185C are diagrams showing a process for forming protrusions on the CF substrate according to a 

49th embodiment; 

Fig. 1 86 is a diagram showing a structure of a panel of the 49th embodiment; 

Fig. 187 is a diagram showing a process for forming protrusions on the CF substrate according to a 50th embodi- 
ment; 

Rgs. 188 A and 188B are diagrams showing a structure of a panel of the 50th enibodiment; 
Rg. 189 is a diagram showing a structure of a CF substrate of a 51th embodiment: 

Rgs. 190A and 1908 are diagrams showing structures of CF siisstrates of modifications of the 51th embodiment; 
Rg. 191 is a diagram showing structures of CF substrates of modifications of the 51th entbocEment; 
Rg. 192 is a diagram showing structures of CF substrates of modifications of the 51th embodiment; 
Rg. 193 is a diagram showing a structure of a panel of an another modification of the 50th entediment; 
Rg. 194 is a diagram showing an example of a product employing the IjCD in accordance with the present Inven- 
tion; 

Rg. 195 is a diagram showing a structure of the product shown in Fig. 197; 

Rgs. 196A ahd 1968 are diagrams showing examples of arrangements of the protrusions in the product: 

Rg. 1 97 is a flowchart showing a process of a panel according to the present invention; 

Rg. 198 ts a flowchart showing a process of forming protrusions; 

Rg. 199 is a diagram for explaining a process of forming protrusions by printing; 

Rg. 200 is a diagram showing the configuration of a tiquid-aystal injectron apparatus; 

Rgs. 201 A and 2018 are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Rgs. 202A and 2028 are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Rgs. 203A and 2038 are diagrams showing examples of the positions of liquid-crystal Injection ports of the LCD 
panel; 

Rg. 204 is a diagram showing a structure of electrodes near the liquid-crystal injection port in the panel of the 
present invention; 

Rgs. 205A to 205C are diagrams for explaining a defect due to oontamination by polyurethane resin and skin in the 
VA LCD; 

Rg. 206 is a diagram showing a relationship between a size of polyurethane resin particulate and a size of defective 
area; 

Rg. 207 is a diagram showing a simulation result of a relationship between a display frequency arxi an effective 
voltage at respective specific resistances; 

Rg. 208 is a diagram showing a simulation result of a cfischarge time at respective specific resistances; 

Rg. 209 is a diagram showing a simulation result of a discharge time at respective specific resistances; 

Rg. 210 is a diagram showing a fundamental constitutton of the prtor art VA LCD; 

Rg. 211 is a diagram showing a viewing angle characteristic (contrast ratio) of the prior art VA LCD; 

Rg. 212 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the prior art VA LCD; 

Rg. 213 is a diagram showing a fundamerrtal constitution of the panel of according to the present Invention; 

Rg. 214 is a diagram showing a viewing angle characteristic (contrast ratio) of present invention; 

Rg. 215 IS a diagram showing a viewing angle characteristic (gray-scale reversal) of present invention: 

Rg. 218 is a diagram for explaining characteristics of a retardation film; 

Rg. 217 is a diagram showing a constitution of a panel of a 52nd embodiment; 

Rg. 218 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52nd embodiment; 

Rg. 219 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52nd embodiment; 

Rg. 220 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 52nd embodiment; 

Rg. 221 is a diagram showing a constitution of a panel of a 53rd embodiment: 

Rg. 222 is a diagram showing a viewing angle characteristic (gray-scale reversaO of the 52rd embodiment; 

Rg. 223 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52rd embodiment; 

Rg. 224 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 53rd embodiment; 

Rg. 225 is a diagram showing a constitution of a panel of a 54th embodiment; 

Rg. 226 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 54th embodiment; 
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Rg. 227 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with respect 
to a retardation in the 54th embodiment; 

Fig. 228 Is a diagram showing a change of a polar angle at which no gray-scaie reversal is generated with respect 
to a retardation in the 54th embodiment; 

Fig. 229 is a diagram showing a change of an upper limit to the optimum condition regarding gray-scale reversal 
with respect to a retardation in the 54th embodiment; 

Rg. 230 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th embodiment; 
Rg. 231 is a diagram showing a viewing angle characteristic (gray-scale reversaQ of the 55th enribodiment; 
Fig. 232 is a diagram showing a constitution of a panel of a 56th embodiment; 

Fig. 233 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment; 

Fig. 234 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment; 

Fig. 235 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained vnth respect to a retardation in the 56th embodiment; 

Fig. 236 is a diagram showing a constitution of a panel of a 57th embodiment; 

Fig. 237 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment; 

Fig. 238 is a diagram showing a viewing angle characteristic (gray-scale reversaQ of the 57th embodiment; 

Fig. 239 is a diagram showing a relationshq3 of a polar angle at which a predetermined value of contrast can be 

otstained with reSFjbct to a retardation in the 57th embodiment; 

Fig. 240 is a diagram showing a constitution of a panel of a 58th embodiment; 

Fig. 241 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment; 

Rg. 242 is a diagram showing a viewing angle characteristic (grayscale reversal) of the 58th embodiment; 

Fig. 243 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 58th embodiment; 

Fig. 244 is a diagram showing a constitution of a panel of a 59th embodiment; 

Fig. 245 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment; 
Fig. 246 is a diagram showing a viewing angle characteristic (gray-scale reversaQ of the 59th embodiment. 
Fig. 247 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 59th embodiment; 

Fig. 248 is a diagram showing a change of an upper limit to the optimum condition regarding contrast wKh respect 
to a retardation In the 59th embodiment; 

Fig. 249 Is a diagram showing a viewing angle characteristic of a panel of the 32th ennbodlment; 
Fig. 250 is a diagram showing a change of an ion density when an ion atsorption treatment is applied to the pro- 
trusions; 

Figs. 251 A to 251 D are diagrams showing a process of a method of a panel of a modification in the Sist emtxxfi- 

merrt; 

Figs. 252A and 252B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 
second embodiment; 

Fig. 253 is a diagram showing a pattern of protrusions of an another modification of the second err^odiment; 
Figs. 254A and 254B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 
sixteentii embodiment; 

Fig. 255 is a detailed diagram showing a distinctive portion of a modification of the tenth emtsodiment 

Before proceeding to a detailed description of the preferred embodiments of the present invention, a prior art liquid 
crystal display device will be described to allow a clearer understanding of the differences between the present inven- 
tion arxi the prior art 

Figs. 1 A and 1 B are diagrams for explaining the structure and principles of operation of a panel of the TN LCD. As 
shown in Figs. 1 A and 1B, an alignment film is placed on transparent electrodes 12 and 13 formed on glass substrates, 
a rubbing treatment is performed so that orientation directions of the liquid crystalline molecules on the two substrates 
are shifted by SO" to each other, and a TN liquid crystal is sandwiched between the transparent electrodes. Due to the 
properties of the liquid crystal, liquid crystalline molecules in contact wifli the alignment films are aligned in the direc- 
tions of the orientation defined by the alignment films. The other liquid crystalline molecules are aligned In line with the 
aligned molecules. Consequently, as shown in Rg. 1 A. the liquid crystalline molecules are aligned while twisted by 90*. 
Two sheet polarizers 11 and 15 are located in parallel with the directions of tiie orientation defined by the alignment 
films. 

When light 10 that is not polarized falls on a panel having the foregoing structure, the light passing through the 
sheet polarizer 1 1 becomes lineariy-polarized light and enters the liquid crystal. Since the liquid crystalline molecules 
are aligned while twisted 90*". tiie incident light is passed while twisted 90"*. The light can therefore pass through the 
lower sheet polarizer 15. This state is a bright state. 
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Next, as shown in Fig. 1 B, when a voltage is applied to the electrodes 12 and 13 and thus applied to the liquid crys- 
talline molecules, the liquid crystalline moleci^es erect themselves to untwist However, on the surfaces of the v 'ign- 
menl films, since an orientation control force is strongar. the orientation of the liquid crystal remains matched with the 
orientation defined by the alignment films. In this state, the liquid crystalline molecules are isotropic relative to passing 
light The linearly-polarized light inddent on the liquid-crystal layer will therefore not tum the direction of polarization 
Tile linearly-polarized light passing through the upper sheet polarizer 1 1 cannot therefore pass through the lower sheet 
polarizer 1 5. This brings about a dark state. Thereafter, when a state In which no voltage is applied is resumed, cfisplay 
is returned to the bright state owing to the orientation control force. 

The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. Contrast and color 
reproduabinty provided by the TN TFT LCD have surpassed those offered by the CRT However, the TN LCD has a crit- 
ical drawback of a narrow viewing angle range. This poses a problem that the application of the TN LCD is limited. Rgs. 
2A to 2C are diagrams for explaining this problem. Rg. 2A shows a state of white display in which no voltage is applied. 
Rg. 2B shows a state of halftone display in which an intermediate voltage is applied, and Fig. 2C shows a state of black 
display in which a predetermined voltage is applied. As shown In Rg. 2A. in the state in which no voHage is applied 
liquid aystalline molecules are aligned in the same direction with a slight inclination (about 1" to 5'). In reality, the mol- 
ecules are twisted as shown in Rg. 1 A. For convenience' sake, the molecules are illustrated like Rg. 2A. In this state 
light IS seen neariy whtte in any azimuth. I^oreover, as shown in Rg. 2C. in the state In which a voltage is applied inter- 
mediate liquW^crysfalllne molecules except those located near the alignment films are aligned In a vertical direction. 
Incjdsnt ilnearhy-polarized light is therefore seen black but not twisted. At this time, light obliquely Incident on a screen 
(panel) has the direction of polarization thereof twisted to some extent because It passes obliquely through the Ik^uid 
crystalline molecules aligned in the vertical direction. The light is therefore seen halftone (gray) but not perfect black. As 
shown in Fig. 2B. in the state in which an intermediate voltage lower than the voltage applied In the state shown in Rg 
2C IS applied, the liquid crystalline molecules near the afignment films are aligned in a horizontal direction but the liquid 
crystalline molecules in the middle parts of cells erect themselves halfway. The Wrefringent property of the liquid crystal 
IS lost to some extent. TNs causes a transmrttance to deteriorate and brings about halftone (gray) display. However, this 
refers only to light incident perpendicularly on the liquid-crystal panel. Obliquely incident light is seen differently, that is, 
light is seen differently depending on whether it Is seen from the left or right side of the drawing. As illustrated, the liquid 
crystalline molecules are aligned mutually parallel relative to light propagating from right below to left above The liquid 
crystal hardly exerts a birefringent effect. Therefore, when the panel is seen from left it Is seen black By contrast the 
liquid crystalline molecules are aligned vertically relative to light propagating from left below to right above. The liqukJ 
crystal exerts a great birefringent effect relative to Incident light, and the inddent light is twisted. This results In neariy 
white display. Thus, the most critical drawback of the TN LCD Is that the display state varies depending on the viewing 
angle. 

In an effort to solve the above problem. Japanese Examined Patent Publication (Kokai) Nos. 53-48452 and 1- 
1 20528 have proposed an LCD adopting a mode ref ened to as an IPS mode. Figs. 3A to 3D are diagrams for explaining 
the IPS LCD. Fig. 3A is a side view of the LCD with no voltage applied. Rg. 38 is a top view thereof with no voltage 
applied. Rg. 3C is a side view thereof with a voltage applied, and Rg. 3D Is a top view with a voltage applied. In the IPS 
mode, as shown in Rgs. 3A to 3D. slit-like electrodes 18 and 19 are formed in one substrate 17, and liquki crystalline 
molecules existent in a gap between the slit-like electrodes are driven with electric fields induced by a transverse elec- 
tric wave. A material exhibiting positive dielectric anisotropy Is used to make a liquid crystal 14. When no electric field 
is applied, an alignment film Is nibbed in order to align the llquM crystalline molecules homogeneously so that the major 
axes of the liquid crystalline molecules will be nearly parallel to the longitudinal direction of the electrodes 1 8 and 1 9 
In the Illustrated example, the liquid crystalline molecules are homogeneously aligned with an azimuth of IS"* relative to 
the longitudinal direction of the slit-like electrodes in order to make a direction (direction of turn), to which the orientation 
of the liquid crystal is changed with application of a voltage, constant In this state, when a voltage is applied to the slit- 
like electrodes, as shown in Rg. 3C. liquW crystalline molecules existent near the slit-like electrodes change their ori- 
entation so that the major axes thereof will be turned 90«» relative to the tongltudinal direction of the slit-like electrodes 
However, since the other substrate 16 is orientationally processed so that liquid crystalBne molecules win be aligned 
with an azimuth of 15- relative to the longitudinal direction of tfie slit-like electrodes. liquM crystaHine molecules near 
the substrate 16 are aligned so that the m^or axes thereof will be neariy parallel to the longitudinal direction of the elec- 
trodes 18 and 19. The lk|uM crystainne molecules are therefore afigned while twisted from the upper substrate 1 6 to the 
lower substrate 17. In this Wnd of Rquld crystal display, when the sheet polarizers 1 1 and 15 are placed on and under 
the substrates 16 and 17 respectively so that the axes of transmission thereof will be orthogonal to each other. When 
the axis of transmission of one sheet polarizer Is made parallel to the major axes of the liquid crystalline molecules 
black display can be attained wHh no voltage applied, and white display can be attained with a voltage applied. 

As mentioned above, the IPS mode is characterized in that ttie tquid crystalline molecules do not erect themselves 
but turned in a transverse direction. In ttie TN mode or the like, when the Ik^uid crystalline molecules erect themselves, 
the birefringent property of the liquid crystal varies depending on a da-ection of an viewing angle and a problem occurs! 
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When the liquid crystaliine molecules are turned in the transverse direction, the birefringent property hardly varies 
depending on a direction. This results in very good viewing angle characteristics. However, the IPS mode has another 
problems. One of the problems is that a response speed is quite tow. The reason why the response speed is low is that 
although a gap between electrodes in the normal TN mode in which liquid crystalline molecules are turned Is 5 microm- 

5 eters, the gap in the IPS mode is 10 micrometers or more. The response speed can be raised by narrowing the gap 
between the electrodes. However, since electric fields of opposite polarities must be applied to the adjoining electrodes 
in the IPS mode, when the gap between the electrodes is nanrowed, a short circuit occurs to bring about a display 
defect For this reason, the gap between the electrodes cannot be narrowed very much. Besides, when the gap 
between the electrodes is narrowed, the ratio in area of the electrodes to display gets large. This poses a problem that 

10 a transmittance cannot bo improved. 

As mentioned above, the IPS mode suffers from slow switching. At present, when a motion picture representing a 
fast motion is displayed, drawbacks including a drawback that an image streams take place. In an actual panel, there- 
fore, for improving the response speed, as shown in Figs. 3B and 3D, the alignment film is not ruk)bed parallel to the 
electrodes tmt rubbed in a direction shifted by about 15". For realizing horizontal alignment, when an agent is merely 

IS applied to the alignment film. Piquid crystalline molecules are arrayed freely leftward or rightward and cannot be aligned 
in a predetermined direction. Rubbing is therefore carried out for rubbing the surface of the alignment film in a certain 
direction so that the liquid crystalline molecules will be aligned in the predetermined direction. When rubbing is carried 
out in the IPS mode,* if rubbing proceeds parallel to the electrodes, liquid crystalline molecules near the center in the 
gap between the electrodes are slow to turn to the left or right with application erf a vbltaga, and thersfcre slew to 

20 respond to the application. Rubbing is therefore, as shown in Figs. 3B and 3D. carried out in a direction shifted by about 
1 5° in order to demolish right-and-left uniformity. However, even when the direction of rubbing is thus shifted, since the 
response time permitted by the IPS mode is twice longer than the one permitted by the TN mode, the response speed 
is very low. Moreover, when rubbing is carried out in the direction shifted by about IS"", a viewing angle characteristic of 
a panel does not become uniform between the right and left sides of the panel. Gray-scale reversal occurs relative to a 
specified angle of a viewing angle range. This problem will be described with reference to Rgs. 4 to SB. 

Fig. 4 is a diagram giving a definition of a coordinate system employed in studying viewing of a liquid crystal display 
(of the IPS type herein). As illustrated, a polar angle 0 and azimuth ^ are defined in relation to substrates 16 and 17. 
electrodes 16 and 19. and a liquid crystalline molecule 4. Fig. 5 Is a diagram showing a gray*scale reversal character- 
istic of a panel concerning a viewing angle. A gray scale from white to black Is segmented into 8 gray-scale levels. 

30 Domain areas causing gray-scale reversal when a change In luminance is examined t>y varying the polar angle 6 and 
azimuth ^ are shown in Fig. 5. In the drawing, reversal occurs at fours hatched areas. F^gs. 6A and 6B are diagrams 
showing examples of changes in luminance of display of 8 gray-scale levels In relation to the polar angle 8 with the azi- 
muths fixed to values of IS"* and 1 35^ causing reversal. White gray-scale reversal occurs at gray-scale levels associated 
with high luminances^ that is. when white luminance deteriorates with an increasing value of the polar angle 0. Black 

35 gray-scale reversal occurs when black luminance Increases with an irKreasing value of the polar angle 0. As mentioned, 
the IPS mode has a problem that gray-scale reversal occurs in four azimuths. Furthermore, the IPS mode has a prob- 
lem that it is harder to manufacture the IPS LCD than the TN LCD. Thus, in the IPS mode, any of the other character- 
istics such as a transmittance. a response speed and productivity, is sacrifk:ed for the viewing angle characteristic. 
As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viesAnng 

40 angle characteristic of the TN mode has the problem that the characteristics offered by the IPS mode other than the 
viewing angle characteristic are insuffident. A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed. Rgs. 7A to 7C are diagrams for explaining the VA mode. The VA mode is a mode using a negative liquid crystal 
material and vertical alignment film. As shown in Fig. 7A, when no voltage is applied, liquid crystalline molecules are 
aligned In a vertical direction and black display appears. As shown in Fig. 7C, when a predetermined voltage is applied, 
the fiquid crystalline molecules are aligned in a horizontal cfirection and white display appears. A oontrast in display 
offered by the VA mode is higher than that offered by the TN mode. A response speed at black level is also higher. The 
VA mode is therefore attracting attention as a novel mode for a liquid crystal display. 

However, the VA mode has the same problem as the TN mode concerning halftone display, that is, a problem that 
the display state varies depending on the viewing angle. For displaying a halftone in the VA mode, a voltage lower than 

so a voltage to be applied for white display is applied. In this case, as shown in Fig. 7B, liquid crystalline molecules are 
aligned in an oblique direction. As illustrated, the liquid crystalline molecules are aligned parallel to tight propagating 
from right below point to left above. The liquid crystal is therefore seen black when viewed from the left side thereof 
because a birefringent effect is hardly exerted on the left side thereof. By contrast, the liquid crystalline molecules are 
aligned vertically to light propagating from left t>elQw to right above. The liquid crystal exerts a great birefringent effect 

55 relative to Incident light therefore, display becomes neariy white. Thus, there is the problem that the luminance varies 
depending the viewing angle. The VA nnode provides a much higher contrast than the TN nrvxJe and is superior to the 
TN mode in terms of a viewing angle characteristic, because even when no voltage is applied, liquid crystalline mole- 
cules near an alignment film are aligned neariy vertically. However, the VA mode is not certainly superior to the IPS 
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mode in terms of the viewing angle characteristia 

It is known that viewing angle performance of a liquid crv-stal display device (LCD) in the TN mode can be improved 
by setting the orientation directions of the liquid crystalline molecules inside pixels to a plurality of mutually different 
directions. Generally, the orientation direction of the liquid crystalline molecules (pre-tilt angles) which keep contact with 
a substrate surface in the TN mode are restricted by the direction of a rubbing treatment applied to the alignment film. 
The rubbing treatment is a processing which rubs the surface of the alignment film in one direction by a doth such as 
rayon, and the liquid crystalline molecules are orientated in the rubbing cflrection. Therefore, viewing angle performance 
can be improved by making the rubbing direction different irside the pixels. Figs. 8A to 8C show a method of making 
the rubbing direction different iriskJe the pixels. As shown in this drawing, an alignment film 22 is formed on a glass sub- 
strate 16 (whose eleclrodes, etc., are omitted from the drawing). This alignment film 22 is then bought into contact with 
a rotating rubbing roll 201 to execute the rubbing treatment in one direction. Next, a photo-resist is applied to the align- 
ment film 22 and a predetermined pattern is exposed and developed by photolithography As a result, a layer 202 of the 
photo-resist which is patterned is formed as shown in the drawing. Next the alignment film 22 is brought Into contact 
with a rubbing roll 201 that is rotating to the opposite direction to the above so ttiat only the open portions of the pattern 
are rubbed. In this way. a plurality of regions that are subjected to the rutibing treatment in different directions are 
formed inside the pixel, and the orientation directions of the liqukl crystal become plural inside the pixel. Inddentally, the 
nibbing treatment can be done In arbitrarily different directions when the alignment film 22 is rotated relative to the rub- 
bing roll 201. • ^ 

Though the rubbing treatment has gained a wide application. It is the treatment that rubbs and consequentiy, dam- 
ages, the surface of the alignment film arxi involves the problem that dust is likely to occur. 

A method which forms a concavo-convex pattern on an electrode is Igriown as another method of restricting tiie pre- 
tilt angle of the liquid crystalline molecules in the TN mode. The liquM crystalline molecules in the proximity of the elec- 
trodes are orientated along the surface having the concavo-convex pattera 

Figs. 9A to 9C are diagrams for explaining the principles of the present invention. According to the present inven- 
tion, as shown in Rgs. 9A to 9C, in the VA mode employing a conventional vertical alignment film and adopting a neg- 
ative liquid crystal as a liquid aystal material, a domain regulating means is included for regulating the orientation of a 
liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is applied so tiiat the orientation 
will Include a plurality of directions within each pixel. In Rgs. 9A to 9C, as ihe domain regulating means, eleclrodes 12 
on an upper substrate are sirtted and associated with pixels, and an electrode 13 on a lower substrate Is provided wltti 
protrusions (projections) 20. 

As shown In Rg. 9A. In a state In which no voltage is applied, liquid crystalline nrolecules are aligned vertically to 
the surfaces of the substrates. When an intermecGate voltage is appfied, as shown in Fig. 9B, electric fields oblique to 
the suriaces of the subsf ates are produced near the slits of the electrodes (edges of the electrodes). Moreover, liquid 
crystalline molecules near the protaisions 20 slighlly tilt relative to tfieir state attained with no voltage applied. The 
inclined surfaces of the protrusfons and the oblique electric f idds detemiine the directions in whfch the liquid crystalline 
molecules are tilted. The orientation of the liquid crystal is divided into different directions along a plane defined by each 
pair of protrusions 20 and the center of each slit. At this time, for example, light transmitted from immediately below to 
immediately above is affected by weak birefringence because the liquid crystalline molecules are slightly tilting. Conse- 
quentiy. the transmission of light is suppressed and halftone display of gray appears. Light transmitted from right above 
to left below is hardly transmitted by a region of the liquid crystal In which liquid aystalline molecules are tilting leftward, 
while the light Is quite readily transmitted by a region thereof In which liquid crystalline molecules are tilting rlghtward. 
On tiie average, halftone display of gray appears. Ught transmitted from left below to right above contributes to gray dis- 
play due to tiie same principles. Consequently, homogeneous display can be attained In aD azimuths. Furthermore, 
when a predetermined voltage Is applied, liquid crystairme molecules become neariy horizontal as shown in Rg. 9C. 
White display appears. Thus, in all states of black display, halftone display, and white display, excellent display with littie 
dependency on a viewing angle can be attained. 

Now. Figs. 10A and 10B are diagrams for explaining determination of an orientation by proti-usions of dielectiic 
material provided on ttie electrodes. In the specification, tiie dielectric materials are insulating materials of low dielec- 
tric. Refenring to Rgs. 10A and 10B, an orientation determined by ttie protrusions will be discussed. 

Protrusions are formed alternately on the electrodes 12 and 13, and coated with the vertical alignment films 22. A 
liquid crystal employed is of a negative type. As shown In Rg. lOA, when no voltage Is applied, the vertical alignment 
films 22 cause the liquid crystalline molecules to align vertically to the surfaces of the substrates. In this case, rubbing 
need not be performed on flie vertical alignment films. Liquid crystalline molecules near the protrusions 20 try to align 
vertically to tiie Inclined surfaces of the protrusions. The liquid aystalline molecules near the protrusions are therefore 
tilted. However, when no voltage is applied, in almost all regions of the liquid crystal other than the protrusions, liquid 
crystalline molecules are aligned nearly vertfoally to the surfaces of the substrates. Consequentiy. as shown in Rg. 9A. 
excellent blad< display can appear. 

When a voltage is applied, the distribution of electric potentials in tiie liquid-crystal layer is as shown in Rg. 108. In 
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the regions of the liquid-crystal layer without the protrusions, the distribution is parallel to the substrates (electric fields 
are vertical to the substrates). However, the distribution is inclined near the protrusions. When a voltage is applied, as 
shown in Rgs. 7B and 7D, the liquid aystalline molecules tilt according to an electric field strength. Since the electric 
fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rubbing, the azimuth in which 

5 the liquid crystalline molecules till due to the electric fields includes all directions of 360**. If there are pre-tilted liquid 
crystalline molecules as shown in Fig. 10A. sunrounding liquid aystalline molecules are tilted in the directions of the 
pre-tiRed liquid crystalline molecules. Even when rubbing is not carried out, the directions in which the liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the liqirid aystalline molecules in 
contact with the surfaces of the protrusions. As shown In Rg. 10B. the electric fields near the protrusions are inclined 

10 in directions in which they become parallel to the inclined surfaces of the protrusions. When a voltage is applied, the 
negative liquid crystalline molecules are tilted in directions vertical to the electric fields. The directions correspond to 
the directions in which the liquid aystalline nx>Iecules are pre-tilted because of the protrusions. Thus, the liquid crystal- 
line molecules are aligned on a stabler basis. The slope of the protrusions arxJ the electric fields in the proximity of the 
inclined surfaces of the protrusions OHitribute to stable alignment. Furthermore, when a higher voltage is applied, the 

IS liquid crystallffie molecules become nearly parallel to the substrates. 

As mentioned above, the protrusions fill the role of a trigger for determining azimuths In which the liquid crystalline 
molecules are aligned with application of a voltage. The protrusions need not have inclined surfaces (slopes) of large 
area. For example. tKelnclined surfaces over the whole pixel are unnecessary. However, if the size of the Inclined sur- 
faces is too small, the effect of the slope and electric field are not available. Therefore, the width of the Inclined surfaces 

20 are required to be determined according to the materials and shape of the protrusions. Because a good result is 
obtained when the width of the protrusions is 5 ^m. This means that when the width of the protrusions is larger than 5 
Mm. a good result can be certainly obtained. With small inclined surfaces, when no voltage is applied, the liquid crystal- 
line molecules in almost aS the regions of the liquid-aystal layer except the protrusions are aligned vertically to the sur- 
foces of the substrates. This results in nearly perfect black display. Thus, a contrast ratio can be improved. 

When the sections of the protrusions are rectangular, the side surfaces are almost vertical to the substrates. These 
side surfaces also operate as the domain regulating means. Therefore, the surfaces vertical to tiie substrates are 
included in the inclined surfaces. 

The tilting direction of the orientation of the liquid crystal is decided by domain regulating means. Fig. 1 1 shows tiie 
orientation direction when protrusions are used as the domain regulating means. Rg. 11A shows a bank having two 

30 slopes and the liquid crystalline molecules are oriented in two directions different from each other at an angle of 180 
degrees with the t>ank being the boundary. Rg. 118 shows a pyramid and the liquid crystalline molecules are oriented 
in four directions different from one another at an angle of 90 degrees with the apex of the pyran^d being the boundary. 
Rg. lie shows a hemisphere arxl the orientation of the liquid crystalline molecules assumes symmetry of rotation with 
the axis of tiie hemisphere perpendicular to the substrate being the center. In the case of Rg. 1 10, ^e display state 

35 becomes the same for all the viewing angles. However, it cannot be said that a larger number of domains or directions 
is better. When the relationship to the direction of polarization offered by a sheet polarizer is taken into account, if the 
oblique orientation of the liqiid crystal becomes rotationally symmetrical, there arises a problem that light use efficiency 
deteriorates. This is because when domains in the liquid aystal are defined uninterruptedly and radially, liquid crystal- 
line molecules lying along a transmission axis and absorption axis of the sheet polarizer work inefficiently, and iiquki 

40 aystalline molecules lying in directions of 45** with respect to the axes work most efficientiy. For improving the light use 
emciency. the directions included in the oblique orientation of the liquki aystal are mainly four directions or less. When 
there are four directions, tiiey should preferably be directions in which light components to be projected on ttie display 
surface of the liquid aystal display propagate with azimuths mutually different in increments of 90*". In this case, the 
ratio in nurriser of liquid aystalline nx}lecules aligned in directions in which light components to be projected on the dls- 
play surface propagate with azimuth mutually different by 1 80** should preferably be nearly even. Out of two sets of liq- 
uid crystalline molecules aligned in the directions in which tiie light components to be projected on the display surface 
propagate with azimuths mutually different by 180*", Uie ratio in number of aligned liquid aystalline molecules of one set 
is nearly even, while the ratio in number of aligned liquid aystalline molecules of the other set is uneven. The set of 
aligned liquid aystalline molecules of which ratio in number is nearly even is a majority, and the set of aligned liquid 

so aystalline molecules of which ratio in number is uneven may be negliglbia In other words, a characteristic analogous 
to that exhibited when two domains are defined in 180*" different directions can be realized. 

In Figs. 9A to 9C, for realizing the domain regulating means, tiie electrodes 12 on the {jpper substrate are slitted 
and associated with pixels, and the electrode 13 on the lower substrate is provided with tiie protrusions 20. Any other 
means will also da Figs. 12A to 12C are diagrams showing examples of realizing the domain regulating means. Rg. 

55 12A shows an example of realizing it by devising the shapes of the electrodes. Fig. 12B shows an example of devising 
the contours of the surfaces of the subistrates. and Fig. 12C shows an example of devising the shapes of the electrodes 
and the contours of the surfaces of the substrates. In any of the exanples, the orientations shown in Fig. 8 can be 
attained. However, the structures of liquid crystals are a bit different from one another. 
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in Fig. 12A. ITO electrodes 41 and 42 on both substrates or one of the substrates are efitted. The surlaces of the 
substrates are processed for vertical alignment, and a negative liquid crystal is sealed In. When no voltage Is applied, 
liquid crystalline molecules are aligned vertically to the surfaces of the substrates. When a voltage is applied, electric 
fields are generated obliquely to the surfaces of the substrates near the slits (edges) of the electrodes. With the oblique 

5 electric fields, the directions in which liquid crystalline molecules are tilted are determined. The orientation of the liquid 
crystal is divided as illustrated into right and left directions. In this example, the oblique electric fields induced near the 
edges of the electrodes are used to align the liquid crystalline molecules rightward and leftward. This techrtique shall 
therefore be referred to as an oblique electric field technique. 

In Rg. 12B, protrusions 20 are formed on both the sulsstrates. Like the structure shown in Rg. 12A. the surfaces of 

10 the sii:>strates are processed for vertical alignment, and a negative liquid crystal is sealed in. When no voltage is 
applied, the liquid crystalline molecules are aligned vertically to the surfaces of the substrates in principles. On the 
inclined surfaces of the protrusions, however, the liquid crystalline molecules are aligned at a little tilt. When a voltage 
is applied, the liquid crystalline molecules are aligned in the directions of tilt. Moreover, when an insulating material with 
low dielectric constant is used to form the protrusions, the electric fields are intermpted (state close to the state attained 

IS by the oblique electric field technique, the same state as the state attained by the structure having the electrodes slit- 
ted). More stable orientation division can be achieved. This technique shall be referred to as a t>6th-slde protrusion 
technique. 

Rg. 12C shows an example of combining the techniques shown in Rgs. 12A arKi 12B. The description will be omrt- 

led. 

20 Three examples of realizing the domain regulating means have been presented. Moreover, various modifications 
can be devised. For example, the portions of the electrodes formed as the slits in Rg. 1 2A may be dented, and the dents 
may be provided with inclined surfeces. Instead of making the protrusions in Rg. 12B using an insulating material, pro- 
toisions may be formed on the substrates, arxi ITO electrodes may be fbrmed on the substrates and protrusions. Thus, 
the electrodes having the protrusions may be realized. Even this structure can regulate the orientation of the liquid ays- 

25 tal. Moreover, dents may be substituted for the protrusions. Furthermore, any of the described domain regulating 
means may be formed on one of tfie substrates. When domain regulating means are formed on both the substrates, 
any pair of domain regulating means can be employed. Moreover, although the protrusions or dents should preferably 
be designed to have inclined surtaces, the protrusions or dents having vertical surfaces can also exert an effect of a 
certain level. 

30 When the protrusions are fbmied. during black display, parts of the liquid crystal lying in the gaps between the pro- 
trusions are seen black, but light leaks out through parts thereof near the protrusions. This kind of partial difference In 
display is microscopic arxi indiscernilsle by naked eyes. The whole display exhibits averaged display intensity. The den- 
sity for black display deteriorates a tnt, whereby contrast deteriorates. When ttie protrusnns are made of a material not 
allowing passage of visible light contrast can be further improved. 

35 When a domain regulating means is formed on one sut>strate or both sut>strates. protrusions, dents, or slits can be 
formed like a unidirectionai lattice with a predetermined pitch among them. In this case, when the protrusions, dents, or 
slits are a plurality of protrusions, dents, or slits bent at intervals of a predetermined cycle, orientation division can be 
achieved more stably. Moreover, when the protrusions, dents, or slits are located on both substrates, they should pref- 
erably be arranged to be offset by a half pitch. 

40 In the constitution disclosed in Japanese Unexamined Patent Publication (Kokai) No. 6-301 036. apertures (slits) 
are provided on only the counter (CF) substrate. Therefore, the size of domain areas cannot be too small. Contrarily. 
according to the preserrt Invention, the size of domain areas can be optionally determined because the domain regulat- 
ing means are provided on both of the isixel electrode and counter electrode. Further, at least one of the domain regu- 
lating means has inclined surfaces, the response speed can be inr^roved. 

45 On one of two upper and lower substrates, protrusions or dents may be formed like a two-dimensional lattice. On 
the other substrate, protrusions or dents may be arranged to be opposed to the centers of squares of the two-dimen- 
sional lattice. 

In any case, it is required that orientation division occurs within each pixel. The pitch of ttie protrusions, dents, or 
siits must be smaller tiian that of pixels. 

so The results of examining tiie characteristics of an LCD in which the present invention is implemented demonstrate 
that a viewing angle characteristic Is quite excellent and equal to or greater ttian those of not only a TN LCD but also 
an IPS LCD. Even when the LCD Is viewed from Its firont ski e. the viewing angle characteristic is quite excellent, and 
the contrast ratio fe 400 or more (twice as high as that offered by the TN LCD). The transmittance offered by the TN 
LCD is 30 %, the one offered by the IPS LCD is 20 %, and the one offered by the present Invention is 25 %. The trans- 

55 mittance offered by the present invention is lower than the one offered by the TN LCD but higher than the one offered 
by the IPS LCD. A response speed is outstandingly higher than those offered by the other modes. For example, as far 
as equivalent panels are concerned, a TN LCD panel exhibits an on speed (for transition from 0 V to 5 V) of 23 ms, an 
off speed (for transition from 5 V to 0 V) of 21 ms. and a response speed (on -i- ofO of 44 ms. while an IPS LCD panel 
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exhibits an on speed of 42 ms, an off speed of 22 vns, and a response speed of 64 ms. According to the mode ot the 
present invention, the on speed is 9 ms. the off speed is 6 ms. and the response speed is 15 ms. Thus, the response 
speed is 2.8 times higher than the one offered by the TN mode and 4 times higher than the one offered by the IPS 
mode, and is a speed causing no problem in display of a motion picture. 

Furthermore, in the mode of the present invention, when no voltage is applied, vertical alignment is achieved. When 
a voltage is applied, protrusions, dents, or oblique electric fields detennine directions in which liquid aystalline mole- 
cules tilt. Unlike the ordinary TN or IPS mode, rubbing need not be carried out In the process of manufacturing a panel, 
a rubbing step is a step likely to produce the largest amount of refuse. After the completion of rubbing, substrates must 
be cleaned (with running water or IPA) without fail. The cleaning may damage an alignment film, causing imperfect 
alignment. By contrast according to the present invention, since the rubbing step is unnecessary, the step of cleaning 
substrates is unnecessary. 

Fig. 13 is a diagram showing the overall configuration of a liquid crystal panel of the first embodiment of the present 
invention. As shown in Rg. 13, the liquid crystal panel of the first emlxxJiment is a TFT LCD. A common electrode 12 is 
formed on one glass substrate 16. The other glass substrate 17 is provided with a plurality of scan bus lines 31 formed 
parallel to one another, a plurality of data bus lines 32 formed parallel to one another vertically to the scan bus lines, 
and TFTs 33 and cell electrodes 1 3 formed like a matrix at intersections between the scan k>us lines and data bus lines. 
The surfaces of the substrates are processed for vertical alignment. A negative liquid crystal is sealed in between the 
two substrates. The Q\iss substrate 16 is referred to as a color filter (CP) substrate because color filters are formed, 
while the glass substrate 17 is referred to as a TFT substrate. The details of the TFT LCD will be omitted. Now. the 
shapes of the electrodes which are constituent features of the present inv&Ttion will be descnbed. 

Figs. 14A and 14B are diagrams showing the structure of a panel in accordance with the first embodiment of the 
present invention. Rg. 14A is a diagram illustratively showing a state in which the panel is seen obliquely, and Rg. 148 
is a side view of the panel. Fig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in 
the first embodiment. Rg. 16 is a diagram showing the pattern of protrusions outside a display area of a liquid crystal 
panel of the first embodiment, and Rg. 17 is a sectional view of the liquid crystal panel of the first embodiment 

As shown in Rg. 17. a black matrix layer 34. an ITO film 12 providing color filters and a common electrode, and 
protrusions 20 parallel to one another with an equal pitch among them are formed on the surface of a side of a CP sub- 
strate 16 facing a liquid crystal. The ITO film and protrusions are coated with a vertical alignment film that Is onnltted 
therein. Gate electrodes 31 forming gate bus lines. CS electrodes 35. insulating films 40 and 43. electrodes forming 
data bus lines, an ITO film 13 providing pixel electrodes, and protrustons parallel to one another with an equal pitch 
arrxjng them are formed on the surface of a side of a TFT substrate 17 facing the liquid crystal. The TFT substrate Is 
further coated with a vertical alignment fUm, though the vertical alignment film is omitted from the figure. Reference 
numerals 41 and 42 denote a source and drain of a TFT. In this embodiment protrusions 20A and 20B are made of a 
TFT flattening material (positive resist}. 

As shown in Fig. 14A. the pattern of the protrusions 20 A and 20B is a pattern of parallel protrusions extending 
straightly and an-anged with an equal pitch among them. The protrusions 20A and 20B are an-anged to be offset by a 
half pitch. The structure shown in Rg. 14B is thus realized. As mentioned in conjunctnn with Pig. 9B, the orientation of 
the liquid crystal is divided into two directions to thus divide each domain into two regions. 

The relationship of the pattern of protrusions to pixels is shown in Rg. 15. As shown in Fig. 15. in a general color- 
display liquid crystal display, three pixels of red. green, and blue constitute one color pixel. The width of each of the red. 
green, and blue pixels is approximately one-third of the lengtfi thereof so that color pixels can be arrayed with the same 
gap kept above and below them. A pixel defines each pixel electrode. Among arrayed pixel electrodes, gate bus lines 
(hidden behind the protrusions 20B) are laid down sideways, arxi data bus lines 32 are laid down lengthwise. The TFTs 
33 are located near intersections between the gate bus lines 31 and data bus lines 32, whereby the pixel electrodes are 
interconnected. Opposed to the gate bus lines 31 , data bus lines 32. and TFTs 33 included in the respective pixel elec- 
trodes 13 are black matrices 34 for intercepting light. Reference numeral 35 denotes CS electrodes used to provkle a 
storage capacitor for statnlizing display are placed. Since the CS electrodes are light-interceptive. the CS-electrode por- 
tions of the pixel electrodes 13 do not work as pixels. Consequently, each pixel is divided into an upper part 13A and 
lower part 13B. 

In each of the pixels 13A and 138, three protrusions 20A are lying and four protrusions 208 are lying. Three first 
regions each having the protri^ions 20B on the upper side of the panel and the protrusions 20A on the lower side 
thereof, and three second regions each having the protrusions 20A on the upper side thereof and the protrusions 208 
on the lower side thereof are defined in one pixel composed of the pixels 13A and 13B. In the pixel composed of the 
pixels 13A and 138, a total of six regions of the first and second regions are defined. 

As shown in Rg. 1 6. on the margin of the liquid crystal panel, the pattern of the protrusions 20A and 20B is extend- 
ing outside toprTKJst pixels and beyond rigfitmosl pixels. This is Intended to allow orientation division to occur in the out- 
ermost pixels in the same manner as that in the inner pixels. 

Rgs. 18A and 1 8B are diagranrs showing the position of a liquki-crystal injectton port of the liquid crystal panel 100 
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of the first embodiment through which a liquid crystal is injected. As described later, in the process of assembling com- 
ponents to produce a liquid-aystal panel, after the CF substrate and TFT substrate are bonded to each othc^r, a liquid 
crystal is injected. As far as a VA type TFT LCD is concerned, it takes much time to inject a liquid crystal compared with 
the TN LCD in general. Since protrusions are fomried. it takes much more time to inject a liquid crystal. For shortening 

5 the time required lor injecting the liquid crystal, as shown in Rg. 1 8A, a liquid-crystal injection port 102 should preferably 
be formed on a side vertical to the direction in which the protrusions are arrayed parallel to one another on a cyclic 
basis. Reference numeral 101 denotes a sealing line. 

During injection of a liquid crystal, when the interior of the panel is deaerated through exhaust ports 103 formed at 
another positions, the internal pressure decreases. This makes it easy to inject a liquid crystal. The exhaust ports 

10 should, as shown in Rg. 18B, be located on a side opposite to the side on which the injection port is located. 

Rg. 19 shows contours of protrusions in a prototype defined by performing measurement using a tracer type coat- 
ing thickness meter. As illustrated, the gap between the ITO electrodes 1 2 and 1 3 formed on the substrates is restricted 
to 3.5 micrometers by means of spacers 45. The protrusions 20A and 20B have a height of 1 .5 mk:rometers and a width 
of 5 micrometers. A pair of upper and lower protrusions 20A and 20B are spaced by 15 micrometers. This means that 

15 a spacing between adjoining protrusions formed on the same ITO electrodes is 35 micrometers. 

After an intermediate voltage is applied to the panel of the second embodiment, the Interior of the panel is observed 
using a microscope. The observation has revealed that very stable alignment is attained. 

Furthennore,* iii the panel of the first embodiment a response speed has quite improved. Figs. 20A to 21 are dia- 
grams Irxiicaiing a changing value of the response speed permitted by the panel of the first embodiment in relation to 

20 changes In parameters that are an applied voltage and a spacing (gap) between upper and lower protrusions. Rg. 20A 
indicates an on speed (for transition from 0 to 5 V). Rg. 20B indicates an off speed (for transition from 5 to 0 V). and 
Rg. 21 indicates a switchffig speed that is a sum of the on speed and off speed. As shown in Rgs. 20A to 21 . a fiall time 
off is hardly dependent on the spacing but a rise time on varies greatly. The smaller the spacing is. the higher the 
response speed becomes. Incidentally, the thickness of cells is 3.5 micrometers. The practical value of the spacing var- 

25 ies slightly depending the thickness of cells. That is to say, when the thickness of celts is small, the spacing is widened. 
When the thickness of cells gets larger, the spacing is narrowed, it has been actually confirmed that as far as the spac- 
ing is about 100 times larger than the thickness of cells, liquid crystalline molecules are aligned properly. 

In any case, the panel of the first embodiment permits the satisfactory switching speed. For example, when the 
spacing between protrusions is 15 micrometers and the thickness of cells is 3.5 micrometers, the response speed for 

30 transition between 0 and 5 V, that is, the on time on is 9 ms, the off time off is 6 ms. and the switching speed 15 ms. 
Thus, very fast switching can be achieved. 

Rgs. 22 to 24B are diagrams showing the viewing angle characterlstk: of the panel of the first embodiment. Fig. 22 
two-dimensionally shows a change In contrast dependent on a viewing angle, and Figs. 23A to 248 show changes in 
display luminance levels corresponding to 8 gray-scale levels in relation to viewing angles. Rg. 23A shows a change 

35 occurring at an azimuth of 90*. Fig. 238 shows a change occurring at an azimuth of 45°, and Rg. 23C shows a change 
occumng at an azimuth of 0°. Rg. 24A shows a change occum'ng at an azimuth of -45", and Rg. 24B shows a change 
occun-ing at an azimuth of -90**. Hatched parts of Rg. 22 indrcate areas in which a contrast is 10 or less, and double- 
hatched parts thereof indicate areas in which the contrast is 5 or less. As illustrated, a generally good characteristic is 
exhibited. However, since each pixel Is divided vertically into two region, the characteristic is not a perfectly laterally and 

40 vertically uniform characteristic unlike the one provkied by the first embodiment Detertoration of contrast in a vertical 
direction is little larger than that In a lateral direction. The deterioration of contrast in the lateral direction is smaller than 
that In the vertical direction. However, as shown In Rg. 23C, gray-scale reversal of k)lack occurs at a viewing angle of 
about 30**. Sheet polarizers are bonded In such a way that the absorption axes thereof will lie at 45** and 135*" respec- 
tively with respect to an optical axis. The viewing angle characteristic to be exhibited when the panel is viewed in an 

45 oblique direction is very good. The characteristics offered by this embodiment are ovenwhelmingly superior to those 
offered by the TN mode. However, this embodiment is slightly inferior to the IPS mode in terms of viewing angle char- 
acteristic. However, once one phase-difference film or optical compensation film is placed on the panel of the first 
embodiment, the viewing angle characteristic of the panel can be improved so greatly that it overwhelms the one offered 
by the IPS mode. Rgs. 25 to 26C are diagrams showing a viewing angle characteristic to be exhibited by the panel of 

so the first embodiment having the phase-difference film, and correspond to Figs. 22 to 23C. As illustraled, deterteration 
of contrast depending on a viewing angle has been drastically overcome. Moreover, gray-scale reversal occurring In a 
lateral direction on the panel has been overcome. On the contrary, gray-scale reversal occurs in a vertical direction dur- 
ing white display However, generally, gray-scale reversal in white display is hardly visible to human eyes and is there- 
fore not counted as a problem in terms of display quality. Thus, once the phase^jifference film is employed, better 

55 characteristics than those offered by the IPS mode can be exhibited In all aspects including a viewing angle character- 
istic, response speed, arxi manufacturing difficulty. 

An attempt was made to discuss optimal conditions by creating various variations of the structure of the first 
enlbodiment or modifying parameters other than the foregoing ones. In the case of protrusions, when the panel is dis- 
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played in blacK light leaks out near the protrusions. Fig. 27 is a diagram for explaining occurrence of light leakage near 
the protrusions. As illustrated, light incident vertically on portions of the electrodes 13 on the lower substrate on which 
the protrusions 20 are formed is transmitted to some extent because liquid crystalline molecules are as illustrated 
aligned obliquely along the inclined surfaces of the protrusions 20. This results in halftone display. By contrast, liquid 
crystalline molecules near the apices of the protrusions are aligned in a vertical direction. No light therefore leaks out 
near the apices. The same applies to the electrode 12 on the upper sti3strate. During black display, near the protru- 
sions, halftone display and black display are carried out partially. This partisd difference In display is microscopic and 
discemible to naked eyes. The whole display exhibits averaged display intensity The black display deteriorates a bit. 
whereby contrast deteriorates. The protrusions are therefore made of a material not allowing passage of visible light, 
namely, made of material shielding visible light, whereby contrast improves. Even in the second embodiment, when the 
protrusions are made of a material shielding visible light, contrast can be further improved. 

A change in response speed occun^ing when the spacing between protrusions is varied has been described in con- 
junction with Figs. 20A to 21 . A change in characteristic deriving from a change in height of protrusions was measured. 
The width of a photo-resist to l>e applied for realizing protrusions and the spacing between protrusions were 7.5 
micrometers and 15 micrometers respectively, and the thickness of cells was approximately 3.5 mterometers. The 
height of the resist was set to 1 .537 jim. 1 .600 ^m, 2.3099 fim. and 2.4486 pm. The transmittance and contrast ratio of 
a prototype were measured. The results of the measurenr^ent are shown In Figs. 28 and 29. A change In transmittance 
dependent on the h^ght of the protrusions (resist) occunring in a white state (when 5 V is applied) is shown in Fig. 30. 
A change in transmittance dependent on the height of the protrusions (resist) occurring in a black state (when no volt- 
age is appli^ is shown in Rg. 31. A change in contrast ratio dependent on the height of the protrusions (resist) is 
shown in Rg. 32. The higher the resist is. the Ngher the transmittance in the white state (when a voltage is applied) 
becomes. This is presumably attributable to the fact that the protrusions (resist) filling a supplementary role for tilting 
liquid crystalline molecules are large enough to turn down the liquid crystalline molecules in terms of both of figures and 
electrical effects. The transmittance (light leakage) in the black state (when no voltage is applied) increases with an 
increase in height of the resist. This causes trfack levels to fall and is therefore not very preferable. The causes of light 
leakage will be described in conjunction with Fig. 27. Liquid crystalline nx>lecules lying immecGately above the protru- 
sions (resist) and in the spacings between the protrusions are aligned vertically to the surfaces of the sut^strates. Light 
leakage does not occur in these places. However, liquid crystalline molecules lying on the slopes of the protrusions are 
aligned slightly obliquely. As the protrusions get higher, the area of the slopes increases and a light leakage Increases. 

The contrast (white luminance level / black luminance level) decreases as the resist gets higher. However, even 
when the height of the resist is increased to have the same value as the thickness of cells, screen display can be 
achieved without any problem. In this case, as described later, the protrusions (resist) can be designed to fill the role of 
panel spacers. 

Based on the above results, prototypes of liquid crystal displays of size 15 were produced using TFT substrates 
and CF substrates hiaving protrusions of 0.7 micrometers. 1.1 micrometers. 1.5 micrometers, and 2.0 micrometers in 
heighL The trend revealed by the results of the experiment was also observed in the actually-produced liquid crystal 
panels. For actual viewing, because the contrast has been originally high, deteriorations in contrast occurring In the 
panels produced under the different conditions were of a good level. Thus, satisfactory display was achieved. This is 
presumably because the panels originally permitted high contrasts arxl a little decrease in contrast was indiscernible to 
human eyes. Moreover, a panel inducOng protrusions of 0.7 micrometers high was also produced in an effort to detect 
the lower limit of the height of the protrusions working on nrtolecular alignment Display was perfectly normal. Conse- 
quently, even when the height of the protrusions (resist) is as small as 0.7 micrometers or less, the protrusions can sat- 
isfactorily work on alignment of liquid crystalline molecules. 

Fig. 33 is a diagram showing a pattern of protrusions in the second embodiment As shown in Rg. 15. in the first 
embodiment, protrusions are linear and extending in a direction vertical to the longer sides of pixels, in the second 
err*xxliment, protrusions are extending in a direction vertical to the shorter sides of pixels 9. The other components of 
the second embodiment are identical to those of the first embodiment. 

Figs. 252A and 252B show a modification of the second embodiment wherein Rg. 252A shows a protrusion pat- 
tern and Rg. 252B is a sectional view showing the arrangement of the protruston arrangement. In this modification, the 
protrusion 20A disposed on the electrode 12 on the side of the CF substrate 1 6 is extended in such a fashion as to pass 
through the center of the pixel 9 and to extend in a direction perpendicular to the minor side of the pixel 9. No protrusion 
is disposed on the side of the TFT substrate 17. Therefore, the liquid crystal is oriented in two directions inside each 
pixel. As shown in Fig. 252B, the domain is divided by the protrusion 20A at the center of the pixel. Since the edge of 
the pixel electrode serves as the domain regulating means around the pixel electrode 13. the orientation can be divided 
stably. In this modification, only one protrusion is disposed for each pixel and the distance between the protrusion 20A 
and the edge of the pixel electrode 13 Is great Therefore, the response speed becomes lower than in the second 
embodiment tnjt the production process becomes simpler because the protrusion is disposed on only one of the sides 
of the substrate. Further, because the occupying area of the protrusion inskJe the pixel is small, display luminance can 
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be improved. 

Rg. 253 shows a protrusion patt(?rn of another modification of the second embodiment The protrusion 20A dis- 
posed on the electrode 12 on the side of the CF substrate 1 6 is positioned at the center of the pixel 9. and no protrusion 
is disposed on the side of the TFT substrate 1 7. The protrusion 20A is a pyramid, for exampla Therefore, the liquid crys- 

5 tal is oriented in four directions inside each pixel. This modification can obtain the same effect as that of the modification 
shown in Fig. 255 and because the occupying area of the protrusion Inside the pixel is further smaller, display lumi- 
nance can be all the more Improved. 

In the first and second embodiments, numerous linear protrusions exterxiing unidirectionally are located parallel to 
one another. Orientation division caused by the protrusions divides each domain mainly into two regions. Azimuths with 

10 which liquid ayslalline molecules in two regions are aligned differ from each other by 180'. The viewing angle charac- 
teristic for a halftone exhibited relative to light components propagating inside a panel with azimuths including an azi- 
muth corresponding to a direction in which liquid crystalline molecules are aligned vertically to the substrates will be 
inproved as shown in Rgs. 9A to SC. As for the viewing angle characteristic exhibited relative to light components prop- 
agating vertically to the light components, the problem described in conjunction with Rgs. 7A to 7C occurs. For this rea- 
rs son, orientation division should preferably be division of the orientation into four directions. 

Rg. 34 is a diagram showing a pattern of pn>truslons in the third embodiment As shown in Rg. 34. in the third 
embodlmertt, a pattern of protrusions extending lengthwise and a pattern of protrusions extending sideways are created 
within each pixel 9. Viereln. the pattem of protrusions extending lengthwise Is aeated In the upper half of one pixel, and 
the pattem of protrusions extending sidera^ Is created in the iGwef half thereof. In this ease, the pattern of protrusions 

20 extending lengthwise divides the orientation of the liquid crystal sideways into azimuths that are mutually different by 
1 80'', that is. divides each pixel or domain sideways into two regions. The pattern of protiusions extending sideways 
divides the orientation of the liquid crystal lengthwise into azimuths that are mutually different by 180"*. that is. divides 
each pixel or domain lengthwise into two regions. Consequentiy, the orientation of the liquid crystal within one pixel 9 is 
divided into four directions. Talking of tiie whole liquid crystal panel, the viewing angle characteristics thereof relative to 

25 both the vertical direction arxi lateral direction are improved. In the third embodiment the components other than the 
pattem of protrusions are identical to those of the first embodiment 

Rg. 35 is a diagram stiowing a nwdification of the pattern of protrusions of the third embodiment. This modification 
is afferent from the third embocfiment shown In Rg. 34 in a point that a pattern of protrusions extending lengtiiwise is 
created in the left-half of each pixel, and a pattern of protrusions extending sideways is created in the right half thereof. 

30 Even in this case, like ttie patterns of protrusions shown in Rg. 34, the orientation of the liquid crystal is divided into tour 
directions within each pixel 9. The viewing angle characteristics of the panel relative to both the vertical direction and 
lateral direction are improved. 

The first to Uilrd embodiments use protrusions as a domain regulating means for realizing orientation division. As 
shown in Rg. 36, the alignment of liquki crystalline molecules near the apices of the protrusions is not regulated at all. 

35 Near the apices of the protrusions, the alignment of liquid crystalline molecules is ttierefbre not controlled to deterforate 
display quality. The fourth emtxxliment is an example for solving ttiis kind of problem. 

Rgs. 37A and 37B are diagrams showing the shapes of protrusions in ttie fourth embodiment. The other compo- 
nents are identical to those of the first to third embodiments. In the fourth embodiment, as shown in Fig. 37A. the pro- 
trusions 20 are partiy tapered. The length of the taper portions is about 50 micrometers or less ttian it. For creating a 

40 pattern of this kind of protrusions, the pattern is drawn using a positive resist and the protrusions and taper portions 
are aeated by performing slight etching. WHh the thus created protrusions, the alignment of liquid crystalline molecules 
near the apices of the protrusions can be controlled. 

Moreover, in a modification of the fourth embodiment as shown In Fig. 37B, tapered Juts 46 are formed on each 
protrusion 20. Even in tNs case, ttie length of each tapered portion is about 50 mterometers or less than it For creating 

4S a pattern of this kind of protrusions, the pattern Is drawn using a positive resist and the protrusions 20 are created by 
performing slight etohing. A positive resist whose thickness is about a half of the height of the protrusions is applied, 
and the tapered juts 46 on tiie protrusions 2 are left intact by performing slight etching. Witii the Juts, the alignment of 
liquki crystalline molecules near the apices of the juts can be controlled. 

Rgs. 38A and 38B are diagrams showing tiie structure of a panel in ttie fifth embodiment Rg. 38A is a diagram 

so illustratively showing a state in which the panel is seen obliquely, and Rg. 38B is a side view. The fiftti embodiment is 
an example in which the structore of a panel con^esponds to the structure shown in Rg. 12C. The protrusions 20 A are 
created as illustrated on ttie electrode 12 (herein, a common electrode} formed on the surface of one substrate by 
applying a positive resist, and ttie slits 21 are created In ttie electrodes 13 (herein, cell (pixel) electrodes) formed on ttie 
surface of the ottier sut>strate. 

55 Cost serves as an Important factor for determining whether a liquid crystal display device could become commer- 
cially successful or not The liquid crystal dfeplay device of the VA system and, particularly, the VA system equipped with 
a domain regulating means features a high display quality as described above but becomes expensive due to the pro- 
vision of the domain regulating means and. hence, it has been desired to further decrease ttije cost 
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When the protrusion is formed on the electrode, the photoresist that Is applied must be exposed to light through a 
pattern followed by developing and etching, requiring an inaeased number of steps and increased cost, deteriorating 
the yield. On the other hand, the pixel electrode must be formed by patterning, and the number of the steps does not 
increase despite a pixel electrode having a slit is formed. On the side of the TFT substrate, therefore, the cost can be 
decreased when the domain regulating means is formed by slits rather than protrusions. On the other hand, the oppos- 
ing electrode of the color filter substrate (CF substrate) is usually a flat electrode. When a slit is to be formed In the 
opposing electrode, an etching step must be executed after the patterned photoresist is developed. When the protru- 
sion is to be formed on the opposing electrode, however, the developed photoresist can be used in its fbrm without 
much driving up the cost of forming the protrusion. Like in the liquid crystal display device of the fiist ent)odiment of the 
present invention, therefore, the domain regulating means on the side of the TFT substrate is fbmied by a slit in the pixel 
electrode and the domain regulating means on the side of the color filter substrate Is formed by a protrusion, driving up 
the cost little. 

Fig. 39 is a diagram showing a pattern of slits of each pixel electrode in a modification of the fifth embodiment This 
modification con^esponds to an example in which the protrusions 20B are replaced with the slits 21 in the third embod- 
iment 

When a slit Is formed in the pixel electrode to divide it into a plurality of partial electrodes, the same signal voltage 
must be applied to these partial electrodes, arxi electric connection portions must be provided to connect the partial 
electrodes together. When the electric connection portions are formed on the same layer as the pixel electrodes, orien- 
tation of I'quid crystals is disturbed in the electric connection portions impairing viewing angle characteristics, lumi- 
nance of the pane! and response speed. 

According to this as shown in Fig. 39. therefore, the electric connection portions are formed in the perimeter of the 
pixel electrode 13 and are shielded by the blad^ matrices (BM) 34 to obtain luminance and response speed conparable 
with those of when protrusions are formed on both of them. In this embodiment in which the CS electrode 35 having 
light-shielding property is provided at the central portion of the pixel, the pixel Is divided into upper and lower two por- 
tions. Reference numeral 34A denotes an opening of the upper side defined by BM. and 348 derrates an opening of the 
lower side defined by BM. and light passes through the inside of the openings. 

The bus lines such as gate bus lines 31 and data bus lines 32 are made of a metal material and have light-shielding 
property. To obtain stable display, the pixel elertrodes must be so formed as will not be superposed on the bus lines, 
and light must be shielded between Vne pixel electrodes and the bus lines. Furthermore, when amorphous silicon is 
used as operation semiconductor, the element characteristics undergo a change upon the incidence of light giving rise 
to the occurrence of erroneous operation. Therefore, the TFT portions must be shielded from light Therefore, the BM 
34 has heretofore been provided for shielding light for these portions. According to this embodiment the electric con- 
nection portions are provided in the perimeter of the pixel, and light is shielded by the BM 34. There is no need to newly 
provide tiie BM for shielding light for the electric connection portions; i.e., the conventional BM may be used or the BM 
may be slighUy expanded witiiout decreasing the numerical aperture to a serious degree. 

The panel of the fifth embodiment is of a type in which each pixel Is divided into two portions, arxJ therefore basi- 
cally exhibits the same characteristics as ttie one of the first embodiment. The viewing angle characteristic of the panel 
becomes identical to that of the panel of the second embodiment when the phase-difference film or optical compensa- 
tion film is employed. The response speed of the panel is slightiy lower tiian that of tiie panel of the first embodiment, 
because oblique electric fields Induced by ttie slits formed in one substrates arc utilized. Nevertheless, the on speed Is 
8 ms, the off speed is 9 ms, and the switching speed Is 1 7 ms. Thus, the response speed is much higher than the ones 
offered by the conventional modes. As mentioned above, display is seen llttie inregular. However, tiie manufecturing 
process is sinpler than those of the first and second embodiments. For exairple. In the course of forming ITO pixel elec- 
trodes (cell electrodes) on a TFT substrate, the electrodes are slitted. A pattern of protrusions is tiien drawn on a com- 
mon electrode using a photo-resist As already described, the rubbing step is unnecessary, and the associated after- 
rubbing cleaning step can therefore be omitted. 

For ttie reference, tiie measurement results of an example in which slits are provided on the cell (pixel) electrode 
and no slit is provided on tiie counter electrode is described. In tills exanrple. ttie cell electrodes have the slits, and tfie 
width and pitch of the slits are deternruned property. Owing to this constitution, stable alignment is attained, that is, liquid 
crystalline molecules are aligned in all azimuths of 360'* inside walls defined with oblique electric fields induced near 
the slits. The liquid crystalline molecules are aligned in all azimuths of 360* witiiln each small region. The viewing angle 
characteristic of the panel is therefore excellent. An Image that is seen homogeneous In all azimuths of 360* can be 
produced. However, a response speed has not been improved. An on speed is 42 ms. and an off speed is 15 ms. A 
switching speed that is a sum of the on and off speeds is 57 ms. Thus, the response speed has not been improved very 
much. This means that no prot)lem occurs In displaying a still image but tiie response speed is not high enough to dis- 
play a motion picture like the one offered by the IPS mode. If a number of the slits is decreased, the response speed is 
further decreased. This is presumably that when tiie number of the slits is decreased, tiie area of each domain 
becomes large, and it lengtiiens a time in which all liquid crystalline molecules are oriented. 
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In the fifth embodiment, when a voltage is applied, the liquid crystal has portions. In which molecular alignment is 
unstable. The reason will be described with reference to Figs. 40 and 41 . Fig. 40 is a diagram illustrating the- distribution 
of orientation of liquid crystalline molecules in the electric connection portions. In a portion where the protrusion 20A 
and the slit 21 are provided in parallel, the liquid crystalline molecules are oriented in a direction perpendicular to the 
direction in which the protrusion and the slit extend as viewed from the upper side. In the electric connection portion, 
however, the liquid crystalline molecules 14a are oriented In different directions, developing abnormal orientation. 
Therefore, as shown in Rg. 41, liquid crystalline molecules in the spaces between the protrusions 20A and the slits 21 
of the electrodes are aligned in a direction vertical (vertical direction in the drawing) to the protrusions 20A and slits 21 . 
Near the apices of the protrusions and the centers of the slits, liquid crystalline nrxslecules are aligned in a horizontal 
direction txjt not in the vertical direction. Oblique electric fields induced by the slopes of the protrusions or the slits ena- 
ble control of the liquid crystal In the vertical direction in the drawing but cannot enable control in the lateral direction. 
For this reason, a rarxiom domain is produced sideways near the apices of the protrusions arxi the centers of the slits. 
This has been confirmed through microscopic observation. A domain near the apex of a protrusion is too small to be 
discerned, causing no problem. However. £in area occupied by a domain having liquid crystalline molecules aligned 
sideways and lying near a slit is so large as to be discerned even by naked eyes. When the domain is produced regu- 
larly, even if the domain is large, it will not be cared. However, when the domain is produced at random, an image is 
seen irregtdar. This leads to deteriorated display quality. The panel in the fifth embodiment makes a little poor impres- 
sion on image quality compared with the one provided by the first embodiment, though display has no protslem. 

Abnormal orientation causes the luminance of the panel and the response speed to decreasa For exan:tple. a com- 
parison of a practical device in which an electric connection portion is formed at ttie central portion of the pixel electrode 
with a practical devtee in which a protrusion is provkied, indicates abnormal conditrans such as a drop in the luminance 
and a residual image in which white appears bright for a moment when black changes into white. In the sixth eml>odi- 
ment. this problem is solved. 

A panel of the sixth embodiment is provided by modifying the shape of the protrusions 20A and that of the slits 21 
in the cell electrodes 1 3 in the panel of the fifth embodiment. Fig. 42 is a diagram showing the shape of the protrusions 
20A of the sixth embodiment and that of the cell electrodes 1 3 thereof which are seen in a direction vertical to the panel. 
As illustrated, the protrusions 20A are zigzagged. Owing to this shape, as shown in Fig. 43, a domain divided regularly 
Into fbur regions is produced. Consequently, inregular display that poses a problem In the fifth embodiment can be over- 
come. 

Rg. 44 is a plan view of a pixel portion in the LCD according to a sixth emtKXliment of the present Inventton, Rg. 
45 is a diagram illustrating a pattern of a pixel electrode according to the sixth embodiment, arxJ Rg. 46 is a sectional 
view of a portion indicated by A-B in Rg. 44. 

Referring to Rgs. 44 and 46, in the LCD of the sixth embodiment on one glass substrate 16 are formed a t^lack 
matrix (BM) 34 for shielding light and a color decomposition filter (color filter) 39. and a common electrode 12 is formed 
on one surface thereof. Moreover. sequerK^s of protrusions 20 A are formed in a zig-zag manner. The glass substrate 
16 on which the color filter 39 is formed is called color filter substrate (CF substrate). On the other glass substrate 17 
are formed a plurality of scan bus lines 31 arranged in parallel, a plurality of data bus lines 32 arranged in parallel in a 
direction perpendicular to the scan kxis lines, TFTs 33 arranged like a matrix to correspond to the intersecting points of 
the scan bus lines and the data bus lines, and display pixel (celQ electrodes 1 3. The scan bus fines 31 fbnm gate elec- 
trodes of the TFTs 33, and the data bus lines 32 form drain electrodes 42 of the TFTs 33. The sources 41 are formed 
in the same layers as the data bus fines 32 and are formed simultaneously with the formation of the drain electrodes. A 
gate-insulating film, an amorphous silicon active layer and a channel protection film are formed on predetermined por- 
tions between the scan bus line 31 and the data bus line 32. an Insulating film is formed on the layer of the data bus line 
32 and. besides, an ITO film corresponding to the pixel electrode 13 is formed thereon. The pixel electrode 13 is of a 
rectangular shape of 1:3 as shown in Fig. 45. and has a plurality of slits 21 in a direction tilted by 45 degrees with 
respect to the sides thereof. In order to stabilize the potential of every pixel electrode 13. furthemrnre. a CS electrode 
35 is provided to form a storage capacitor. The glass substrate 1 7 is called TFT substrate. 

As shown, the sequences of protrusions 20A of the CF substrate arxl the slits 21 of the TFT sut>5trates are 
arranged being deviated by one-half pHch of their arrangement so that the substrates maintain an inverse relationship. 
The protrusions and the slits maintain a positional relationship as shown in Fig. 12C. and the orientation of the liquid 
crystals is divided into four directions. As described above, the pixel electrode 13 Is formed by forming an ITO film, 
applying a photoresist thereon, exposing it to light through a pattern of electrode, followed t>y developing and etching. 
Therefore, the slit can be formed through the same step as the conventional step if the patterning is so effected as to 
remove the portion of the slit without driving up the cost. 

Upon forming the slits In the pixel electrode 13. the pixel electrode 13 is divided into a plurality of partial electrodes. 
Here, however, a signal of the same voltage must be applied to the partial electrodes and. hence, the partial electrodes 
must be electrically connected together. According to this embodiment as shown in Fig. 45. therefore, the pixel elec- 
trode 13 is not completely divided by slits, but the electrode is left at the perimetric portions' 131. 132, 133 of the pixel 
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electrode 13 to form electric connection portions. As described above, the alignments of tfie molecules are disturbed 
near the electric connection portions. Therefore, according to this embodiment as shown in Fig. 10. the electric connec- 
tion portions are formed in the perimeter of the pixel electrode 13 and are shielded by the BM 34 to obtain luminance 
and response speed conparable with those of when protrusions are formed on both of them. In this entbodiment in 
which the CS electrode 35 having light-shielding property is provided at the central portion of the pixel, the pixel is 
divided into upper and lower two portions. Reference numeral 34 A denotes an opening of the upper side defined by BM, 
and 348 denotes an opening of the lower side defined by BM, and light passes through the inside of the openings. 

Figs, 47 to 48C are diagrams showing a viewing angle characteristic exhibited by the sixth embodiment. As illus- 
trated, the viewing angle characteristic is excellent and irregular display is overcome. Moreover, a response speed is as 
high as a switching speed is 17.7 ms. Thus, very fast switching can be achieved. 

Figs. 49A and 498 illustrate another example of the pattern of the pixel electrode, wherein the BM 34 shown in Fig. 
49B is formed on the pixel electrode 13 shown in Fig. 49A. The pattern of the pixel electrode can be modified in a variety 
of ways. For example, electric connection portions may be formed in the perimeter on both sides of the slit to decrease 
the resistance between the partial electrodes. 

In the fifth arxi sixth embodiments, slits can be provided in the place of the protrusions on the counter electrode 12. 
Namely, both of the domain regulating means are realized t>y the slits. However, in this constitution, the response speed 
is decreased. 

In the sixth ernhNodiment. the electric connection portions are formed in the same layer as the partial electrodes. 
The electric connection portions, however, may be formed In a separate layer. A seventh embodiment deals with this 
case. 

Figs. 50A and SOB are diagrams illustrating a pattern and a structure of the pixel electrode according to the seventh 
embodiment The seventh embodiment is the same as the sixth embodiment except that the connection electrode 134 
is formed simultaneously with the formation of the data bus line 32, and a contact hole is formed in the insulating layer 
135 to connect the partial electrode 13 to the connection electrode 134. In this embodiment, the connection electrode 
134 is formed simultaneously with the data bus line 32. However, the connection electrode 134 may be formed simul- 
taneously with the gate bus line 31 or the CS electrode 35. The connection electrode may be formed separately from 
the formation of tiie bus line. In this case, however, a step must be newly provided for forming the connection electrode, 
i.e., a new step must be added. In order to simplify the steps, it is desired to form the connection electrode simultane- 
ously with the fbnnation of the txis line or the CS electroda 

In the seventh embodiment, the connection electrode which becomes a cause of abnormal orientation is more sep- 
arated away from the liquid crystal layer than that of tfie sixth embodiment making it possible to further decrease abnor- 
mal orientation. When the connection electrode is formed of a light-shielding material, such a portion is shielded from 
light and the quality of display is further improved. 

Rg. 51 is a plan view of a pixel portion according to a eightti emt)odiment and Rg. 52 is a sectional view of a por- 
tion A-B in Rg. 51 . The eightii embodiment is the same as the sixth embodiment except ttiat a protrusion 200 is formed 
in tiie slit of the pixel electrode 13. Both the slit of the electrode and the insulating proti-usion formed on the electrode 
define the orientation region of the liquid crystals. When the protrusion 20C Is formed in ttie slit 21 as in this embodi- 
ment, the directions of orientation of the liquid crystals due to the slit 21 and the protrusion 20C are in agreement, the 
protrusion 20C assisting the division of orientation by the slit 21. to improve stability. Therefore, the orientation is more 
stabilized and ttie response speed is more increased tiian those of the first embodiment. Refening to Rg. 52. the pro- 
trusion 20C is formed by laminating the layers that are formed when the CS electrode 35, gate bus line 31 and data bus 
line 32 are formed. 

Figs. 53A to 53J are diagrams Illustrating a process for producing a TFT substrate according to the eighth embod- 
iment. In Fig, 53 A, a metal film of ttie gate layer is formed on a glass substrate 17. In Rg. 53B, portions corresponding 
to gate bus lines 31. CS electrodes 35 and protrusions 312 are left relying upon the photolithography method. In Fig. 
53C. a gate-insulating f Om. an amorphous silicon active layer and a channel protection film are continuously formed. In 
Rg. 53D. tfie channel protection film 31 4 is left in a self-aligned manner by exposure to light through the back surface. 
In Fig. 53E, a metal film 321 is formed for forming the contact layer and the source-drain l^er. In Fig. 53F, a source 
electrode 41 and a drain electrode 42 are formed relying on the photolithography mettiod. At this moment the metal 
film is left even at a position con'esponding to the protrusion 20C on the inside of the slit In Rg. 53G, a passivation film 
33 is formed. In Rg. 53H, a contact hole 332 Is formed for the source electrode 41 and the pixel electrode. In Fig. 531, 
an ITO film 341 is formed. In f^g. 53J, a pixel electrode 13 is formed by the photolithography method. Slits are formed 
at this moment 

According to tills embodiment as descrtoed above, the protrusion 20C is formed in the slit 21 of the pixel electrode 
13 without however, increasing the number of the steps compared with the conventional process. Besides, the orien- 
tation is further stabilized owing to tiie protrusion 20C. In this embodiment the protrusion in ttie slit of the pixel electrode 
is formed by superposing tiiree layers, i.e., gate bus line layer, channel protection layer and source/drain layer. The pro- 
trusion, however, may be formed by one l€yer or by a combination off two layers. 
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Fig. 54 is a diagram showing the shape of the protrusions 20A and 20r in ih^ ^ u-^- ^ ... 

accordjog to n«enals Of the prota«»ons. vert^ 

In the panefln'thB nfnth embodiment, the direction of tilt of liquid crystalline molecules can be conirolleH fr» inr..H- 

^sxt^rr!^^'7SZ\^^r- r '^"^ ""'^ « mic^xneters. the'^heigS S^e 

resR IS 1 . 1 micrometers, and the thiclaiess of cells is 3.5 micrometers. Using a TFT substrate and CF sub&tnte 
Ing these condrtions. a liquid crystal display of size 15 was produced as a ^OMype S^r^S^I^J^ 
gate bus lines and data bus lines. Nevertheless, generally good display eSf^^^^^ZS^^fr^^ 

Hnes S rJ^^«!^«^, the freedom mdestgn expands. For completely preventing interference w^th bus 

ST«^Si^STt^^„l,^'^''^'°^ ordents should be set to an integral submultple or multiple of the 

arS;K^o'iSt^i:,rm2K^^^^^^ 

adJlLr?h« l!« a pattern of protrusions that is discontinuous like the one shown in Fia 56 is 

^ ° 1. '^'^ "q"" crystalline molecules are aligned infouSjJJ^i afi^cZ 

12 « ifhiT-T P«>«n«lon8 of dielectric materials are fonned in a zig-zag manner on the electrodes 

aS*« o^r ^ ^'^ P"^"*^ °" electrodes generate oblique electric fields at the e^es tt»r3 

One eleSiS Is « ""^^ •'^«*«'ection perpendicular to the electricfield 

Slel -S^r^ «TT ^ "'^ '^^^ « *'«P'«y Pl^' ^^^<^o separated into each diX 

deteri^TesteZSqX ^ ^ ^'^ ^ ^ 

The reverse tilt also occurs in the case where the domain regulating means is used. Rg. 58 is a diagram showing 
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a portion 41 where the schlieren statcture can be observed in a configuration formed with the zigzag protmsion pattern 
of the ninth embodiment. Fig. 59 is a diagram showing in enlarged form the neighborhood of the portion 41 where a 
schireren structure is observed and also shows the direction in which the liquid crystalline molecules 14 are tilted upon 
application of a voltage thereto. In this case, protrusions of different materials are formed on the pixel electrode sub- 

5 strate formed with a TFT and on the opposed stbstrate formed with a common electrode. A vertical alignment film is 
printed, and the device is assembled without being rubbed. The cell thickness is 3.5 ^m. The portion 41 where the 
schlieren structure is observed is where the direction in which the liquid crystalline motecules are fallen by the orienta- 
tion regulation force due to the diagonal electric field is considerably different from the direction of orientation regulation 
due to the protrusions. This reduces the contrast and the response rate, thereby leading to a deterforated display qual- 

10 ity. 

In the case where the liquid crystal display device configured of a protrusion pattern bent in zigzag in the ninth 
embodiment is driven, the display is darl^ned in a part of the display pxets. or a phenomenon called an after-image in 
which a somewhat previous display appears remaining occurs in the display of an animation or cursor relocation. Fig. 
60 is a diagram showing a region appearing black in the pixel on the liquid crystal panel configured in the ninth embod- 

15 iment. In this region, the change in orientation is found to be very slow upon application of a voKage. 

Fig. 61 A is a sectional view taken in line A- A' In Fig. 60, Fig. 61 B is a sectional view taken In line B-B*. As shown In 
Rg. 80, the section A-A' has a region looking black in the neighborhood of the left edge, while the neighborhood of the 
right edge lacks a region appearing black. In conrespondence with this, as shown in Rg. 61 A, the direction in which the 
liquid crystalline nnolecules are tilted by the orientation regulation force due to the diagonal electric field is considerably 

20 different from the direction of orientation regulation due to the protrusions m the neigl^orhood of the left edge, while the 
direction In which the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric 
field comparatively coincides with the direction of orientation regulation due to the protrusions in the neighbortx}od of 
the right edga In similar fashion, a region looking t)lack is present in the neighboriiood of the right edge but absent in 
the neighborhood of the left edge. In correspondence with this, as shown in Rg. 61B. the direction in which the liquid 

^ crystalline molecules are tilted by the orientation regulation force due to the diagonal electric field is considerably differ- 
ent from the direction of orientation regulatfon due to the protrusfons in the neighkx)rhood of the right edge, while the 
direction In which the fiquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric 
field comparatively colnckles with the direction of orientation regulation due to the protrusions In the neighborhood of 
the left edge. 

30 As described above, the deterioration of the display quality is attributable to the portion where the direction in which 
the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric field at an edge 
of the display pixel electrode is conskferably difiierent from the orientation regulation force due to the protrusfons upon 
appfication of a voltage thereto. 

In the case where a liquki crystcil display devfoe having a configuration with a protrusfon pattern is driven, the dis- 

35 play quality is seen to deteriorate in the neighk)orhood of the bus line (gate tnis line or data Ixis Hne) in the pixel. This is 
due to the undesirable minute region (domain) formed in the neighborhood of the bus line and the resulting disturbance 
of liquid crystal orientation and reduced response rate. The problem thus is posed of a reduced viewing angle charac- 
teristic and a reduced color characteristic in halftone. 

Figs. 62A and 62B are diagrams showing a fundamental configuration of a LCD according to a tenth embodiment. 

40 A pixel functions within the range defined by a cell electrode 13, which will be called a display region and the remaining 
part a non-display region. Normally, a bus line and a TFT are an^anged in a non-display region. A bus line made of a 
metal nriaterial has a masking characteristic but a TFT transmits light. As a result a masking member called a black 
matrix (BM) Is inserted between a TFT, a cell electrode and a bus line. 

According to the tentfi embodiment, a protrusion 20A is an'anged in the non-display region on a common electrode 
12 of a CP substrate 16 so as to generate an orientation regulation force in a direction different from the orientation 
restrfotion force exerted due to a diagonal electric field generated by an edge of the cell electrode 13. Fig. 62A, shows 
the state where no voltage is applied. In this state, lk|uid crystalline molecules 14 are oriented 8ut>8tantially perpendic- 
ular to the surfaces of the electrodes 12. 13 and the protrusion 20 A due to the vertical orientation process. Upon appli- 
cation of a voltage thereto, as shown in Fig. 628. the liquid crystailine molecules 14 are oriented in the direction 

so perpendicular to the electric field 8. In the non-display region lacking the cell electrode 13, the electric field is formed 
diagonally from the neight>orhood of an edge of the cell electrode 13 toward the non-display region. This diagonal elec- 
trfo field tends to orient the liquid crystalline molecules 14 in a direction different from the orientation in the display 
region as shown in Rg. 578. The orientation regulation force of the protrusion 42, however, orients the liquki crystalline 
molecules 14 in the same direction as in the display region, as shown in Rg. 62A. 

ss Rg. 63 is a diagram shewing a protrusion arrangement pattern in a liquid crystal display device of the tenth embod- 
iment. Rg. 64 is a diagram showing, in enlarged form, the portion defined by a circle in Rg. 63. In the tenth embodiment, 
a new protrusion 52 is formed in the vicinity of the portion where a shlleren structure is observed. This protrusion 52 is 
connected to and integrally formed with a protrusion arrangement 20A formed on the common electrode 12. The rela- 
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tion shown in Figs. 62A and 62B is realized at the portion formed with the protrusion 52, where the orientation of the 
liquid crystalline molecules 14 at an edge of the cen electrode coincides with the orientation in the display region, as 
shown in Fig. 64. Therefore, the schlieren structure that has been observed in Fig. 58 cannot be observed in Fig. 64 for 
an improve display quality. 

Rg. 255 shows a modification In which the protrusion 52 is arranged to face the edge of the pixel electrode 13 In 
this modification, no shfleren structure is observed. 

The tenth embodiment, which uses an acrylic transparent resin for the protmsion. can alternatively use a black 
material. The use of a black resin material can shield the leakage light at the protrusion and therefore improves the con- 
trast. This is also the case with the embodiments described l:>elow. 

The protrusion 52 which Is formed as a non-display region domain regulating means in the non-display region as 
shown in Figs. 62A to 63 can be replaced by a depression (groove) with equal effect. The depression, however, is 
required to be formed on the TFT substrate. 

Any non-display domain regulating means which has an appropriate orientation regulation force can be employed. 
The direction of orientation Is known to change, for example, when the light of a specific wavelength such as ultraviolet 
light Is In^dlated on the alignment film. Utilizing tWs phenomenon, it is possible to realize a non-display region domain 
regulating means by changing the direction of orientation in a part of the non-display region. 

Hgs. eSA^and ^5B are diagrams for explaining the change In orientation direction by irradiatton of ultraviolet light. 
As shown in h»g. 65A. a vertical alignment fflm is coated on the substrate surface, and a non-polarized ultraviolet light 
is Irradiated on it from one direction at an angle of, say. 45« as shown In Fig. 65a Then, the direction of orlentatton of 
the liquid crystalline molecules 14 Is known to tiH toward the direction in which the ultraviolet light is irradiated. 

Fig. 66 Is a diagram showing a modification of the tenth embodiment. The ultraviolet light is irradiated from the 
direction indicated by arrow 54 on a portion 53 of the alignment film on the TFT siijstrate opposed to the protrusion 52 
constituting the non-display domain regulating means shown in Rg. 63. As a result, the portion 53 comes to have an 
orlentatton regulation force acting In such a cfirection as to offset the effect of the diagonal electric f iekJ at the edge of 
the cell electrode 13. Consequentiy. an effect similar to that of the tentti embodiment shown in Rg. 63 is obtained. The 
ultraviolet light, though irradiated only on the TFT substrate in Fig. 66. can alternatively be irradiated only on the CF sub- 
strate 16 or on both ttie TFT substrate and the CF substrate. The direction In which the ultravtolet light is irradiated Is 
required to be set optimally striking a balance between the degree of ttie orientation regulation force In relation to ttie 
Inadiatlon conditions and the orientation regulation force due to the diagonal electric field. 

The non-display region domain regulating means, which reduces the effect of the diagonal electric fiekJ generated 
at an edge of the ceH electrode on the orientation of ttie liquid crystalline molecules in the display region and st^iiizes 
the orientation of the liquki crystalline molecules in the display region. Is applicable to various systems including ttie VA 
system. 

Now, desirable arrangements of the protrusions and depressions, which operate as the domain regulating means. 
whi(^ respect to edges of pixel electrodes will be described. Rgs. 67A to 67C are 22 diagrams showing fundamental 
relative positions of tfie edge of ttie cell electrode and protrusions acting as domain regulating means. As shown in Rg. 
67A. protaisions 20B are ananged at tiie edges of the cell electrode 13. or a protrusion 20A is ananged on the common 
electrode 12 opposed to ttie edge of the ceO electrode 13 as shown In Rg. 67a As anottier aHernative, ttie protrusion 
20A on the CF substrate is formed InskJe ttie display region wrth respect to ttie edges of ttie cell electrode 1 3. as shown 
In Rg. 67C, while ttie protruston 20B on ttie TFT substrate 17 Is arranged In ttie non-display region. 

In Rgs. 67A and 67B, ttie protrusions are arranged at ttie edges of ttie cell electrode 13 or in opposed relation 
thereto, and the region where ttie protrusions affect the orientation direction of the Ifcfuid crystal is defined by ttie edges. 
Regardless of the state of the diagonal electric field in the non-display region, ttierefore. the orientation In tfie display 
region is not affected whatsoever. Thus, a stable orientation is secured in ttie display region and ttie display quality is 
improved. 

According to the conditions for an^angement shown in Rg. 67C. ttie orientation restriction force of ttie diagonal elec- 
tric field at an edge of ttie cell electrode 13 Is in ttie same direction as ttie orientation regulation force of ttie protrusions, 
and ttierefore a stable orientation can be obtained wittwut developing any domain. 

The conditions under which ttie direction of ttie orientation regulation force off ttie diagonal electric field coincides 
witti ttie directfon of the orientation regulation force of ttie domain regulating means can be realized also using a depres- 
sion iristead of a protrusion. Rg. 68 is a diagram showing an arrangement of edges and depressions for realizing ttie 
conditions for arrangement equivalent to Rg. 67C. Specifically, ttie protmslons 20B on tfie TFT substrate 17 are 
an-anged inside the display region, and ttie protrusions 20A on ttie CF substrate are arranged in ttie non-display region 
with respect to the edges of the cell electrode 13. 

Rgs. 69A and 698 are diagrams showing an an-angement of a linear (striped) protrusion arrangement constituting 
a domain regulating means on a LCD realizing ttie conditions Fig. 67C in the first embodiment Rg. 69A is a top plan 
view arid Rg. 69B is a.sectional view. In ttie configuration of Rgs. 69A and 69B, the protrusion height is about 2 ^m. the 
protrusion width is 7 ^m and the inter-protrusion interval is 40 jim. After two substrates are attached to each other, ttie 
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protrusions of the TFT substrate are arranged in a staggered fashion with the protrusions of the CF sut)strate. In order 
to realize the conditions of Fig. 67C. the protrusions of the TFT substrate 1 7 are interposed between the cell electrodes 
13. Since a gate bus line 31 is interposed between the cell electrodes 13. howev^er, the protrusion airanged between 
the cell electrodes 13 Is located on the gate bus line 31. 

With the LCD of Figs. 69A and 69B, no undesirable domain Is observed and the switching speed is not low at any 
portion. Therefore, a superior display quality is obtained without any after-image. Assuming that the protrusions 20B 
between the cell electrodes 13 In Figs. 69A and 69B are arranged at the edges of the cell electrodes 13, the concfitions 
of Fig. 67A can be m^. while H the arrangement of the protrusions 20A and 20B is reversed between the two sub- 
strates, on the othor hand, the conditions of Fig. 67B are satisfied. The protrusion an^anged on or In opposed relation 
to the edges can alternatively be arranged either on the TFT substrate 17 or on the CF substrate 16. Considering the 
displacement of the siidbstrates attached to each other, however, the protrusions are desirably formed at the edges of 
the cell electrodes 13 on the TFT substrate 17. 

Figs. 70A and 70B are diagrams showing an arrangement of a protrusion arrangement of another protrusion pat- 
tern for a LCD according to a eleventh embodiment satisfying the conditions of Rg. 67C. Hg. 70A is a top plan view and 
Rg. 70B is a sectional view. As shown, a checkered grid of protrusions is arranged between the cell electrodes 13. and 
protrusions similar in shape to the above-mentioned protrusion pattern are formed sequentially inward of each pixel. By 
use of this protrusion pattern, the orientation in each pixel can be divided Into four directions, but not in equal proportion. 
Also in this case, the'cBeckered protrusion pattern Is arranged on the gate tnjs line 31 and the data bus line 32 between 
the cell electrodes 1 3. 

Also in Figs. 70A and 70B, the conditions of Figs. 67A and 67B are satisfied if the protrusions 20B othenwise inter- 
posed between the cell electrodes 13 are arranged at a portion in opposed relation to an edge of the cell electrode 13 
of the TFT substrate 17 or an edge of the CF substrate. In this case. too. the protrusions are preferably formed at the 
edges of the cell electrode 13 on the TFT substrate 17. 

In the example shown in Rgs. 70A and 708. protrusions are formed in rectangular grid similar to the rectangular 
cell electrodes. Since the protrusions are rectangular, however, an equal proportion cannot be secured for all the direc- 
tions of orientation. In view of this, a protrusion arrangement bent in zigzag shown in the ninth embodiment is con- 
ceived. As described with reference to Figs. 58 and 60. however, an undesirable domain Is generated In the 
neightwrhood of the edges of the cell electrode 13 unless protrusions are formed as shown in Rg. 63. For this reason, 
independent protrusions for different pixels, not a continuous arrangement of protrusions as shown in Rg. 71 . is the next 
subject of discussion. In the case where the protrusions 20A and 20B are formed as shown in Fig. 71 . however, an 
abnormal orientation occurs at the portion indicated by T of the pixel 13. with the result that the difference in distance 
from an electric field controller (TF) 33 poses the problem of a reduced response rate. With the protrusion arrangement 
bent in zigzag in a rectangular pixel, it is impossible to satisfy the conditions for arrangement of the protrusions in rela- 
tion to cill the edges of the cell electrode shown in Figs. 67A to 67C. A twelfth embodiment is mtended to solve this prob- 
lem. 

Rg. 72 is a dagram showing the shapes of the cell electrode 13. the gate bus line 31 . the data bus line 32. the TFT 
33 and the protrusions 20A. 20B according to the twelfth embodiment As shown, in the twelfth embodiment, the cell 
electrode 13 has a shape similar to the bent form of the zigzag protrusions 20 A, 20B. This shape prevents the occur- 
rence of an abnormal orientation, and the equal distance from the TFT 33 to the end of the cell electrode 13 can 
improve the response rate. According to the twelfth embodiment, the gate bus line 31 Is also bent in zigzag in conform- 
ance with the shape of the cell electrode 1 3. 

As far as the protrusions arranged on the gate bus line 31 are formed on the portions In opposed relation to the 
edges of the cell electrode 1 3 or the edges of the CF substrate, the conditions of Rgs. 67A and 67B are satisfied. In this 
case. too. the protrusions are desirat)ly formed at the edges of the cell electrode 13 on the TFT substrate. 

Nevertheless, the conditions of Rgs. 67A to 67C can be met only for the edges parallel to the gate bus line 31 but 
not for the edges parallel to the data bus line 32. As a result, the latter portion is exposed to the effect of the diagonal 
electric field, thereby posing the prok)lem described above with refererK:e to Figs. 57A to 60. 

Fig. 73 is a dagram showing the shapes of the cell electrode 13. the gate bus line 31 . the data bus line 32, the TFT 
33 and the protrusions 20A. 20B according to a modification of the twelfth embodiment. Unlike in the twelfth emlaodi- 
ment of Fig. 72 in which the gate bus line 31 is shaped in zigzag in conformance with the shape of the cell electrode 1 3, 
the cell electrode 13 Is shaped as shown in Fig. 73. so that the gate bus line 31 is rectifinear while the data bus line 32 
is bent in zigzag. In Rg. 73. the protrusions 20A and 20B are not independent for different pixels but form a continuous 
protrusion covering a plurality of pixels. The protrusion 20B is arranged on the data bus line 32 laid vertically between 
the cell electrodes 13 thereby to satisfy the conditions of 67C. The anangement of Rg. 73 can also realize the condi- 
tions of Figs. 67A and 67B. as far as the protrusions arranged on the data bus line 32 are formed in spatially opposed 
relation to the edges of the cell electrode 13 or the edges of the CF substrate 16. In this case, too. the protrusions are 
desirably formed at the edges of the cell electrode 1 3 on the TFT substrate 1 7. 

In the arrangement of Rg. 73. each protrusion crosses the edge of the cell electrode 13 parallel to the gate bus line 
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31 . The resulting effect of the diagonal electric field on this portion gives rise to the problem descn*bed above with ref- 
erence to Rgs. 57A to 60. 

Fig. 74 is a diagram showing another modification of the twelfth embodiment. In the arrangement shown in. Fig. 74, 
the protrusions are bent twice In a pixel. This makes the pixel somewhat rectangular In shape as conpared with Rg. 73 
and therefore the display Is easier to view. 

Rg. 75 is a diagram showing the shapes of the cell electrode 1 3. the gate bus line 31 , the data bus line 32, the TFT 
33 and the protrusions 20A, 20B according to a thirteenth embodiment Figs. 76A and 76B are sectional views taken In 
lines A-A' and B-B' In Rg. 75. In order to alleviate the effect of the diagonal electric field at the edges of the cell electrode 
13 with a protrusion arrangement bent in zigzag, the tenth embodiment includes the non-display region domain regu- 
lating means arranged outside the display region while the thirteenth embodiment has the cell electrode bent in zigzag, 
both having failed to completely eliminate the effect of the diagonal electric field. In view of this, according to the thir- 
teenth embodiment the portion where the orientation is liable to be cfisturbed and an undesirable domain is liable to 
occur as shown in Figs. 58 and 60 Is masked by a black matrix 34 to elinrvnate the effect of the diagonal electric f ieM on 
the display. 

At the portion A-A' shown In Rg. 75 Is free of the effect of the diagonal electric f leW, the Bf^ 34 Is narrowed as 
shown In Fig. 76A, while at the portion B-B' where the diagonal electric field has a considerable effect, the width of the 
BM 34 is Increased as compared with the prior art so as not to dsplay any Image. In this way, the display quality is not 
deteriorated nor &n after-Image or a reduced contrast Is caused. The Increased area of the BM 34. however, reduces 
the luminance of display due to a reduced numerical aperture. Nevertheless, no problem Is posed as tar as the area of 
the increase of BM 34 is not considerable. 

As described with reference to the tenth to thirteenth emtxx:llments, according to tNs invention, the effect of the 
diagonal electric field at the edge portions of the ceil electrode can be aHeviated and therefore the display quality can 
be improved. 

In the embodiments as set above, the orientation of liqufcl crystal is divided by the domain regulating means. A 
detailed ot>servation of the orientation In the boundary portion of the domain, however, reveals the fact that the domain 
is divided in the directions 180*» apart at the domain regulating means, that minute domains 90** different in direction 
exist in the boundary portion (on a protrusion, a depression or a slit) between domains and that a region looking black 
exists In the boundary (the neighborhood of the edge of a protrusion. If any) of each domain Including a minute domain. 
The region looking dark brings about a reduced numerical aperture and darkens the display. As described above, the 
liquid CTystal display device using a TFT requires a CS electrode contibuting to a reduced numerteal apertura In other 
cases, a black matrix (BM) Is provided for shielding the sun-ounding of the display pixel electrode and the TFT. In all of 
these cases, it is necessary to prevent the numerical aperture from being reduced as far as possible. 

The use of a storage capacitor wHh the CS electrode was described above. Let us briefly explain the function of the 
storage capacitor (CS) and the electrode structure. The drcuit of each pixel in a liquid crystal panel having a storage 
capacitor is shown in Fig. 77A. As shown in Fig. 17. the CS electrode 35 is formed in parallel to the cell electrode 13 in 
such a manner as to configure a capacitor element between the CS electrode 35 and the cell electrode 13 through a 
dielectric layer. The CS electrode 35 is connected to the same potential as the common electrode 12, and therefore, as 
shown in Rg. 77A, a storage capacitor 2 is formed in parallel to the capacitor 1 due to the liquid crystal. Upon applica- 
tion of a voltage to the liquid crystal 1 , a voltage Is slmilariy applied to the storage capacitor 2, so that the voltage held 
In the liquid crystal 1 is held also in the storage capacitor 2. As compared with the fiquid crystal 1, the storage capacitor 
2 Is easily affected by a voltage change of the bus line or the like, and therefore effectively contributes to suppressing 
an afler-lmage or a flicker and alleviating the display feHure due to the TFT-off cun^ent The CS electrode 35 Is preferably 
formed In the same layer as the gate (gate bus line), the source (data bus line) or the drain (cell) electrode of the TFT 
element in order to simplify the process. Since these electrodes are formed of an opaque metal for securing the 
required accuracy, the CS electrode 35 is also opaque. As described above, the CS electrode is formed in parallel to 
the cell electrode 13, and therefore the portion of the CS electrode cannot be used as a displsy pixel lor a reduced 
numerical aperture. 

The liquid crystal display device is required to have an improved display luminance while an effort is being made to 
save power consumption at the same time. The numerical aperture, therefore, is preferably as high as possible. As 
explained above, on the other hand, the light leakage through the slit Ibrmed in the protrusion or the electrode for 
Improving the display quality deteriorates the display quality. For eliminating this Inconvenience, the protmslon is pref- 
erably made of a masking material and the sHt Is preferably masked with a BM or the like. Nevertheless, these meas- 
ures contribute to a lower numerical aperture. 

An an-angement of the protrusions 20A. 20B and the CS electrode 35 of the embodiments as set above is shown 
in Rg, 77B. The protrusions 20A. 20B and the CS electrode 35 are opaque to the light and the corresponding portions 
have a lower numerical aperture. The protrusions 20A. 20B are formed partly in superposition but partly not in super- 
position on a part of the CS electrode 35. 

Rgs. 78A and 78B are diagrams showing an arrangement of the protrusions 20 {20A. 20B) and the CS electrodes 
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35 according to an 14th embodiment. Fig. 78A is a top plan view and Fig. 78B is a sectional view. As shown, a plurality 
of CS electrode units 35 are arranged under the protrusions 20A. 20B. For a storage capacitor of a predetermined 
capacitance to be realized, a predetermined area is required of the CS electrode units 35. The combined area of the 
five units into which the CS electrode 35 is divided as shown in Figs. 78A and 78B coincides with the area of the CS 
electrode 35 shown of Figs. 77A and 778. Further, in view of the fact that the CS electrode units and the protrusions 
20A, 20B are all superposed one on another In Rgs. 78A and 78B, the numerical aperture Is not substantially reduced 
more than it would be reduced by the CS electrode alone. It follows, therefore, that the numerical aperture is not 
reduced by the provision of the protrusions. 

Figs. 79A and 79B are diagrams showing an arrangement of the slits 21 of the electrodes 12, 13 arrcl the CS elec- 
trode units 35 according to a modification of the 14th embodiment. Fig. 79 A is a top plan view and Fig. 79B is a sectional 
view. The slits 21 function as a domain regulating means arKi are preferably masked for preventing the light leakage 
therethrough. In this modification, the leakage light at the slits 21 is masked by the CS electrode units 35. Since the total 
area of the CS electrode units 35 remains the same, the numerical aperture is not reduced. 

Figs. 80A and BOB are diagrams showing an arrangement of the slits 21 of the electrodes 12, 13, and the CS elec- 
trode units 35 according to another modifcation of the 1 1th embodiment Rg. 80A is a top plan view and Fig. 80B is a 
sectional view. This modification is identical to the aforementioned modification of Rgs. 78A and 78B except that the 
protrusions are bent In zigzag. 

Rgs. 81 A and StB^are cfiagrams showing an arrangement of the slits 21 of the electrodes 12, 13, and the CS elec- 
trode units 35 according to another modification of the 14th embodiment. Rg. 81 A is a top plan view and Fig. 81 B Is a 
sectional view. This modrfication represents the case in which the total area of the protrusions 20A. 208 is larger than 
the total areas of the CS electrode units 35. According to this modification, the CS electrode units are arranged at posi- 
tions conresponding to the edges of the protrusions 20A. 208 and not arranged at the central portion of the protrusion. 
As a result a minute domain having an orientation angle 90** different existing in the nelght>orhood of the top of the pro- 
trusion can be effectively utilized for a brighter display. 

The constitution in which the CS electrode is divided into a plurality of CS electrode unit can be adapted to a case 
in which the depressions (grooves) are used as the domain regulating means. 

The 14th embodiment described above can prevent the reduction in rumerical aperture which otherwise might be 
caused by the domain regulating means used. 

Rg. 82 shows a pmtrusion pattem of the fifteenth embodiment In this fifteenth embodiment linear protrusions 20A 
and 20B are disposed In parallel with one another on the upper and lower sutsstrates, respectively, so that when they 
are viewed from the surges of tfie substrates, these protrusions 20A arvi 208 orthogonally cross one another. The liq- 
uid crystalline molecules 14 are oriented perpendiculariy to the slopes under the state where no voltage is applied 
between the electrodes t)ut the liquid crystalline molecules in the proximity of the slopes of the protrusions 20A and 20B 
are oriented perpendicularly to the slopes. Therefore, the liquid crystallUie molecules in the proximity of the slopes of 
the protrusions 20 A and 20B are Inclined urxiier this state arxi moreover, the directioris of inclination are different by 90 
degrees near the protrusions 20A and 20B. When the voltage is applied between ttie electrodes, the liquid crystalline 
molecules are inclined in a direction which is parallel to the substrates, but because tfie liquid crystalline molecules are 
regulated in the directions different by 90 degrees near the protrusions 20A and 20B. respectively, they are twisted. The 
change of the image in the case of twisting in this fifteenth embodiment is the same as that of ttie TN mode shown in 
Figs. 2A to 2C. Rg. 2C shows the state when no voltage is applied and this Is different only in that when the voltage is 
applied, tiie state becomes the one shown in Rg. 2A. As shown in Fig. 82, furttier, fbur different twist regions are 
defined in the range encompassed by the protrusions 20A and 208 In the fifteenth enribodlment In consequerx:e. view- 
ing angle performance is excellent, too. Incidentally, the directions of the twists are different among the adjacent 
regions. 

Figs. 83A to 83D explanatory views useful for explaining why the response speed in the fifteenth embodiment is 
higher than that of the first embodiment Fig. 83A shows the state where no voltage is applied, and the liquid crystalline 
molecules are oriented perpendiculariy to ttie substrates. When the voltage is applied, ttie liquid crystalline molecules 
are inclined in such a manner as to twist in the LCD of the fifteentii embodiment as shown in Fig. 83a In contrast, the 
liquid crystalline molecules at other portions are oriented fc>y using the liquid crystalline molecules keeping touch with 
tfie protnjsions as the trigger in the LCD of the first embodiment as shown in Fig. 83C. However, ttie liquid crystalline 
molecules near the centers of the ipper and lower protrusions move irregulariy when the orientation changes because 
tiiey are not limited, and they are oriented In the same direction as shown in Fig. 83D after the passage of a certain 
period of time. Generally, the change speed of ttie twist of the LCDs is high not only In the LCD of ttie VA system LCD 
using the protrusions, and the response speed of the fifteenth embodiment is higher than that of the first enixxlknent. 

Fig. 84 shows viewing angle performance of the LCD of the fifteenth embodiment. This viewing angle performance 
is extremely excellent in ttie same way as that of ttie VA LCD of ttie first embodiment and is naturally higher tiian ttiat 
of tiie TN mode and is at least equal to that of ttie IPS mode. 

Rg. 85A Is a diagram showing the response speeds witii the change of the gray-scale at the 1 6tti graduation. 32nd 
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gradation 48th gradation. 641h gradation and black (first gradaf on) when 64-gradation display l6 effected in the LCD of 
the fifteenth embodiment For reference. Rg. 85B shows the response speed of the TN mode. Fig. 85C shows the 
response^eed of the mono^omain VA mode in which the orientation Is not divided and Fig. 85D shows the response 
speed of the multi-domain VA mode using the parallel protrusions of the first eirtiodimenL For example, the response 
speed horn the fuO black to the full white Is 58 ms in the TN mode. 19 ms in the mono-domain VA mod^ and 19 ms in 
the mute-domain system, whereas H is 19 ms in the fifteenth embodiment, and this value remains at the same le^el as 
those of other VA moda The response speed from the full white to the full black is 21 ms In the TT4 mode 12 ms in the 
mono^Jomain VA mode and 12 ms In the multi<Jomain type, whereas It is 6 ms in the fifteenth embodiment and this 
value IS higher than those of other VA modes. Further, the response speed from the full to the 16th gradation is 30 ms 
in the TNmode, 50 ms in the mono-domain type and 130 ms in the multi-domain type, whereas it Is 28 ms in theW- 
teentti embodiment, and t^^^ value remains at the same level as that of the TN mode and is by far more exceUent than 
«ie values of other VA modes. The response speed from the 16th gradation to the fuO Hack Is 21 ms in the TN mode 
9 ms in the mono-domain type and 18 ms In the multi-domain type, whereas it is 4 ms in the fifteenth embodiment and 
this value is more excellent than Ihe values of any other modes. Inddentally. the response speed of the IPS mode is 
oclremely lower in comparison with any other modes, and the response speeds from the full black to the full white and 
vice versa are 75 ms. the response speed from the full black to the 16th gradation is 200 ms and the response-speed 
from the 1 6 gradation to the full black is 75 ms. response speea 

As described dbove. the LCD of the fifteenth embodiment are extremely excellent !n both viewing angle psrlbrm- 
ance and the response speed. ^ 9 r 

I .."^^f^J^l.seB shows another protnjsion patterns for accomplishing the twist type VA system described above 
n Rg. 86A protrusions 20A and 20B are intenuptedly disposed in such a fashion as to extend orthogonally in two direc- 
tions on the respective substrates and not to cross one another, but to cross one another when they are viewed from 
the respective subsbates. In this embodiment, four twist regions are formed in the different way from Fig. 82. The direc- 
toon of the twist is the same in each twist region but the rotating positions deviate from one another by 90 degrees In 
Fig. 86B protrusions 20A and 20B are disposed in such a fashion as to extend orthogonally in two directions to the 
r!^r =.""^^168 and to cross one another but to deviate mutuaHy in both directions, m this embodiment, two twist 
regions having mutually different twist directions are formed. 

In Rgs. 82. 86A and 86B, the protrusions 20A and 20B disposed on the two substrates need not be disposed in 

!K!^.!-iJ'°-f '*^*^^*^°"" f^fl- 87 showsamodmcationwhereinthe protrusions 20Aand20B 

Shown in Fig. 82 are so dsposed as to cross one another at an angle other than 90 degrees In this case, too, four twist 
regiorw having mutually different twist directions are formed, and the quantity of the twist is different between the two 
Opposed regions. 

Furthermore, the same result can be obtained when sDts are disposed In place of the protrusions 20A and 208 
shown in Figs. 82, 86A and 86B. 

In the^f ifteenth embodiment shown in Rg. 82, there is no means for controlling the orientation at the center portion 
n the frarn^ encompassed by the protrusions 20A and 20B in comparison with the portions near the protrusions, and 
1? °"®^°".!f " *° "^"^^ it is far from the protaisions. For this reason, an elongated time is nec- 

essary before the onentatKMi gets stabilized, and it is expected that the response speed at the center portton becomes 
tower. The responsespeedattalnslhehlghestatthecomerportlonsof the frame because they are affected strongly by 
the profusions sen^g as two adjacent sMes. The Influences of the orientation at the comer portions are transferred to 

'""uences of other twist regions and the twist regions are rendered definite and are 
'"^^ '^^^ "® simultaneously oriented, but certain portions are first oriented and 
then Ihis orientation is transmitted to the porfions nearby. Therefore, the response speed becomes slower at the center 
portion far from the protrusions. When the frame defined by crossing is a square as shown in Rg. 82 fbr exannle the 
influences are transferred from the four corners but when the frame defined by the crossing protrusions is the partial- 
ogram as shown in Fig. 87. the influences are transferred from the acute angle portions, where the influences of the 
protrusions are stronger, to the center portion. The influences impinge at the center portion and are further transferred 
to the corners having an obtuse angle. Therefore, the response speed becomes slower in the parallelogramic frame 
man in the square frame. To solve such a problem, a profrusion 20D similar to the frame is disposed at the center of 
!^ on^T response speed can be obtained when, fbr example, the profusions 20A 

and 20B has a vwdth of 5 pm and a height of 1.5 imi, the gap of the profrustons is 25 ^m and the profrusion 20D Is a 
square pyramid having a bottom of 5 (im. 

,^o«^'^" f embodiment wherein the profrusion is disposed at the center of each frame of the profrusion 

pattern shown in Rg. 87. The same result as that of Fig. 82 can be obtained according to this arrangement, too. 
♦K .L" u s"**" Flfls- 82, 86A, 86B and 87 wherein the profrusions 20A and 20B cross one another 

tne uiickness of the liquid crystal tayer can be limited at the portions at which the profrusions 20A and 20B cross one 
anijiher by setting the sum of the height of the profrusions 20A and 20B to a value equal to the gap of the subsfrates 
that 18. the thickness of the liquid crystal layer. According to this arrangement, the spacer need not be used 
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Figs. 90A and 908 are diagrams showing the structure of a panel of the 16th enibodiment Rg. 90A is a side view, 
and Fig. 90B is an oblique view of a portion of the panel corresponding to one square of a lattice. Rg. 91 is a diagram 
showing a pattern of protrusions in the 16th emtxxfiment which is seen in a direction vertical to the panel. As illustrated, 
in the 16th embodiment, the protrusions 20A are created like a cubic lattice on the electrode 12 formed on one sub- 
strate, and the pyramidal protrusions 20B are created at positions coincident with the center positions of the opposite 
squares of the lattice on the electrodes on the other substrate. In a region shown in Fig. 90B. the orientation is divided 
according to the principles described In conjunction with Rg. 1 2B arxi divided vertically and laterally uniformly. In reality, 
a prototype was produced by setting the distance between the electrodes to 3.5 micrometers, the sideways spacing 
between protmsions 20 A and 20B to 10 micrometers, and the height of protrusions to 5 micronneters. As a result, the 
viewing angle characteristic of the panel was of the same level as the one of the panel of the second embodiment 
shown in Rg. 22. 

Figs. 254A and 254B show a modification of the sixteenth embodiment Rg. 254A shows a protrusion pattern and 
Rg. 254B is a sectional view. In this modification, the arrangement of the matrix-like protrusions and the pyramidal pro- 
trusions of the sixteenth embodiment is reversed. In other words, the protrusion 20A disposed on the electrode 12 of 
the CF substrate 1 6 is pyramidal whereas the protrusion 20B on the side of the TFT substrate 1 7 has a two^Jimensional 
matrix form. The protruston 20A is disposed at the center of each pixel 9 and the protrusion 208 Is disposed in the same 
pitch as that of the pixels and is disposed on the bus line between the pixels 9. Therefore, the liquid crystal Is oriented 
in four directions inside each pixel. The domain Is divided by the protrusion 20A at the center of the pixel as shown in 
Rg. 254 B. The protrusion 208 disposed outside the pixel electrode 1 3 divides the orientation at the boundary of the pix- 
els as shown in the drawing. Further, the edge of the pixel electrode functions at this portion as the domain regulating 
means. The orientation regulating force by the protrusion 208 and the orientation regulating force of the edge of tiie 
pixel electrode coincide with each other. Consequentiy, the division of the orientation can be carried out stably. In this 
modification, the distances between the protrusion 20A and the protrusion 208 versus the edge of the pixel electrode 
1 2 are great. Therefore, it is only the protrusion 20 A that exists inside the pbcel. and the occupying area of the protrusion 
inside the pixel is small and display lunrvnance can be improved, though the response speed drops to a certain extent. 
Further, the productk>n cost can be reduced by forming the protrusion 208 t^y the formation process of the bus line 
because the number of the production steps does not Increase. 

In the aforesaid first to 16th embodiments, protrusions produced using a resist that is an Insulating material are 
used as a domain regulating means for dividing the orientation of a liquid crystal. In tiie embodiments, the shape of the 
inclined surfaces of the protrusions are utilized. The insulating protrusions are very important in terms of the effect of 
interruption of electric fields. A liquid crystal is driven using, generally, an alternating wave. With an increase in 
response speed deriving from innovation of a liquid crystal material, influence exerted during one frame (during which 
a direct (dc) voltage is applied), tiiat is. influence predetermined by a DC wave must be taken into full consideration. A 
driving wave for a liquid crystal must exhibit both the characteristk» of the AC and DC voltages and satisfy the require- 
ments for the AC and DC voltages. The properties of the resist used to allow the driving wave for a liquid crystal to exert 
a predetemiined effect of minimizing electric fields must be set in relation to the characteristics of the AC and DC volt- 
ages or the AC and DC characteristics. Specifically, the resist must be set to have properties effective in minimizing 
electric fields in relation to the AC and DC characteristics. 

From the viewpoint of the DC characteristic, the specific resistance p must be high enough to affect the resistance 
of a liquid>crystal layer. Specifically, the specific resistance must be 10^^ ohms/cm or more so that it will be equal to or 
larger than tiie specific resistance of a liquid crystal (for example, the specific resistance of a TFT-drive liquid crystal Is 
aboiA 10^^ ohms/cm or more). Preferably, tiie specific resistance should be 10^^ ohms/cm or more. 

Firom the viewpoint of the AC characteristic, the capacitance (value determined by a dielectric constant film thick- 
ness, and sectional area) of a resist must be about ten or less times larger than the capacitance of a liquid^crystal layer 
under ttie resist (with an Impedance of about one-tentti or more of tiie impedance of tiie liquid-crystal layer), so tiiat the 
resist can exert the operation of minimizing electrk; f ieUs in tiie liquid-crystal layer under tiie resist. For exanple. tiie 
dielectric constant e of the resist is approximately 3 or about one-third of the dielectric constant c of the liquid crystal 
layer (approximately 10). The film thickness is approximately 0.1 micrometers or about 1/35 of the thickness of the liq- 
uid-crystal layer (for example, approximately 3.5 miaometers). In ttiis case, the capacitance of tiie insulating film is 
approximately ten times larger than the capacitance of tiie liquid-crystal layer under tiie insulating film. In other words, 
tiie impedance of the resist (insulating film) is approximately one-tenth of the impedance of the liquid-crystal layer under 
tiie resist Thus, tiie resist can affect the disti^ibution of electric fields in the liquid-crystal layer. 

In addition to an effect exerted by the shape of the inclined surfaces created by tiie resist the Influence of the dis- 
tribution of electric fields can be utilized. This results in more stable and firm alignment. When a voltage is applied, liquid 
crystalline molecules are tilted. At this time, the strengtfi of electric fields In a domain in which the orientation of a liquid 
crystal is divided (on a resist) is suffidentiy low. In the domain, liquid crystalline molecules aligned neariy vertically exist 
stably and work as a barrier (partition) against domains generated on botii sides of tiie domain. When a higher voltage 
is applied, the liquid crystalline molecules in tiie orientation-divided domain (on the resist) starts tilting. However, tiie 
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hquid crystalline molecules in the domains generated on botti sides of the domain on flie resist titt in a direction nearly 
horizontal to the resist (this results in a very firm orientation). For establishing this state, the insjiating layer (reslsi) of 
the onentation^ivided domain must have a capacitance that is approximately ten or less times larger than the one of 
the Dquid-aysial layer under the resist A material exhiUting a small dielectric constant e shouW be adopted to realize 
the insulating layer, and the thickness of the layer must be large. This suggests an insulating layer having a dielectric 
constant e of approximately 3 and a thidgiess of 0.1 micrometers or more. The employment of an insulating layer having 
a smaller dielectric constant c and a larger thldoiess would exert a more preferable operation and effect. In the first to 
1 6th embodiments, a novolak resist having a dielectric constant e of approximately 3 is used to fbrm protrusions of 1 5 
micrometers tliicfc Observation of orientation division has revealed that very stable alignment can be attained The 
novolak resist is widely adopted in the process of manul^cturing a TFT or CF. The adoption of the novolalc resist would 
bnng about a great merH (of obviating the necessity of additional facilities). 

Moreover it is ascertained that the novolak resist is highly reliable as compared with other resists or a flattening 
material and has no protilem. 

Moreover, when the insulating film is placed on both substrates, a more preferable operation and effect can be 

exerted. 

Aside from the novolalc resist, an acrylic resist (e - 3.2) was checked to see if it wouM prove effective as an insulat- 
IIS. « ^.^TS^^ ^ the novolak resist were obtained. For demonstrating fliat the 

M uence of elecfric fields is very important, an ITO film was deposited on a resist and the aligned state of liquid crys- 
tallTO moleca>es was observed. The results were not so good as those obtained when the insulating film was used 

in the fiist to 16th embodiments, an electrode is slitted or protrusions of insulators are fomied on an elecbode in 
Sol. onentaHon of a Hquid crystal. Other forms can be adopted. Some of the forms wiB be presented 

■ tJiasrams showing the stnjcture of a panel of the 17th embodiment. Fig. 92A is an oMque 

view aid Fig. 92B is a side view. As niustrated, in the 17th embodiment protnisions 50 extending paraHei to one another 
unidireclion^ly are formed on glass substrates 16 and 1 7, and electrodes 1 2 and 13 are formed on ttie substrates The 
protrusions 50 are arranged to be mutually offset by a half pitch. The electrodes 12 and 13 are therefore shaped to 
partly jut out. The surfeees of the electrodes are processed for vertical alignment Using the thus shaped electrodes 
'° electrodes, electric fields are induced in a vertical direction. The oriemation of a liquid 
crystal is divWed into two directions witti each protnision as a border. The viewing angle characteristic of the panel is 
therefore improved as compared with a conventionally exhbiled one. However, the distribution of electrk: fields 
r° ""^.u T from ttie one attained when ttie prolruskms are made of an insulating material. Only the effect of the 
shape of the inclined surfaces of ttie protnjsions is ufiHzed in order to divide the orientation. The stability of alignment 
IS dightiy inferior to that attained when the prolnjsians are made of an insulating material. However, as described 
above, the protnisions provkled on the electrodes need to be made of insulating material with low dielectric constant 
7iierefore,.1he inatenals used to form ttie protrusions are Bmited. FurUier, various conditions must be satisfied to form 
the Protivsions by using those materials. This causes a problem in ttie production process. Conbarily. ttie panel struc- 
ture of ttie. 1 7tti embodiment does not have such limitation. 

S'^'^ ^J^S!^ ^ stmcture of a panel of ttie 1 8tti embodiment. In ttiis embodin^ insulating layere 

61 formed on the ITO electrodes 12 and 13 are provided with depressions 23. As ttie shape of the depresstons. ttie 
shap^of protrusions or slits of electrodes presented in ttie second to nintti embodiments can be adopted In ttiis case 
an eWect fficeried by oblique electric fieMs works Hke the efltet exerted by ttie protnisions to stabilize alignment 

Rg. 94 shows a panel structure of ttie nineteenth embodiment. In ttHs embodiment, electrodes 12 and'ia are 
form^ on glass substrates 16 and 17, respectively, layers 62 each made of an electrically conductive material and hav- 
irig a depression (groove) 23A, 23B having a width of 10 pm and a depth of 1.5 ^m are formed on these electrodes 12 
and 13. and vertical alignment f Hms 22 are formed on these layers 62. InddentaHy. ttie thickness of a liquid crystal layer 
ori!'^il"'" '^°!!^^' « ^ a TFT. etc. are omitted from ttie drawing. It can be observed ttiat ttie 

orientation of the liquid crystal is divkled at the recess portions. In ottier v«)rds, it has been confirmed ttiat ttie depres- 
sion, too. functions as ttie domain regulating means. 

'n *epan^ structure of the nineteenttiembodimem. ttie depresstons 23A and 23B are disposed at «ie same pre- 
a^H 1*^0 40 urn in ttie same way as in the case of the protnistons, and ttie upper and lower depresskxis 23A 

and 23B are so disposed as to deviate by a half pitch. Therefbre. ttie regions in which ttie Hquid crystal assumes ttie 
same onentation are defined between the adjacent upper and lower depressions. 

^i;!^ *® sb^uctufe of the 20th embodiment In this 20tti embodiment layere 62 having grooves 23A 
f» T^l . ^ ^ Mm and a depth of 1 .5 pm are formed on ttie glass substrates 16 and 17 by using a color 

r'ir^_^''^"',[^.^®'*'' 12 and 13 are fonned on ttiese layers 62. and vertical alignment films are fur- 

ther formed on ttie electaodes 12 and 13, respectively. In ottier words, a part of each electrode 12. 13 is recessed The 
proimsions 23A and 23B are disposed at ttie same predetermined piteh of 40 |im whereas ttie upper and k>wer depres- 
sions 23A and 23B are so disposed as to deviate from one anottier by a haH pitch, bi this case, tooi ttie same result as 
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that of the nineteenth embodiment can be obtained. Incldentaily, since the structure having the depression is disposed 
below the electrode in this 20th embodiment limitation to the material is small, and the material used for other portions 
such as the CF resin can be used. 

In the case of the protrusion and the slit, the orientation is divided in such a feishion that the liquid crystalline mol- 
5 ecules expand in the opposite direction at these portions but In the case of the recesss. the orientation is divided in such 
a fashion that the liquid crystalline molecules face one another at the depression portion. In other words, the function 
of dividing the orientation by the recess has the opposite relation to that of the protrusion and the slit Therefore, when 
the depression is used as the domain regulating means in combination with the protrusion or the slit, the preferred 
arrangement becomes opposite to the arrangements of the foregoing embodiments. The explanation will be predeter- 
10 mined next on the arrangement when the recess is used as the domain regulating means. 

Fig. 96 shows an example of the preferred arrangements when the depression and the slit are used in combination. 
As shown in the drawing, the slits 21 A and 21 B are disposed at positions opposing the depressions 23A and 23B of the 
20th embodiment shown in Fig. 95. Since the direction of the orientation division of the liquid crystal by the depressions 
and the slits opposing one another is the same, the orientation is further stabilized. For example, when the depression 
IS Is formed under the condition of the 20th embodiment, the slit has a width of 1 5 nm and the gap between the center of 
the depression and that of the slit is 20 ^m, the switching time Is 25 ms under the driving condition of D to 5 V and 40 
ms under the driving condition of 0 to 3 V. In contrast, when only the slit is used, the switching time Is 50 ms and 80 ms, 
respectively. ' ^ 

Fig. 97 shows the structure wherein the depression 20A and the slit 21 A on one of the substrates (substrata 15 in 
20 this case) in the panel structure shown in Fig. 98, and the region having the same orientation direction is formed 
between the adjacent depression 208 and the slit 21 B. 

Incidentally, the same characteristics can be obtained by disposing the protrusion at the same position In place of 
the slit in the panel structures shown in Figs. 96 and 97. and the response speed can be further improved. 

Rg. 98 shows another panel structure wherein tiie depression 23B is formed in the electrode 13 of the substrate 
1 7 and the protrusions 20A and the slits 2 1 A are altemately formed at positions of tiie opposed substrate 1 6 at positions 
facing the depression 23B, respectively. In this case, the direction of the orientation becomes different between the set 
of tiie adjacent depression 23B and protrusion 20A and ttie set of the adjacent depression 23B and sOt 21 A and con- 
sequently, the boundary of the orientation regions Is formed In the proximity of the center of the depression. 

Rgs. 99A and 99B are diagrams showing the structure of a panel of ttie 21th embodiment As illustrated, the panel 
3o of the 21 th embodiment is a simple nrmtrix LCD. The surface of each electrode is dented. The orientation of a liquid crys- 
tal is divided wHh each depression as a border, i-lowever. like ttie tenth embodiment, an effect of oblique electric fields 
is not exerted. The stability of alignment is little poor. 

As described above, ttie alignment dividirm operation of depressions (grooves) is reversed to those of protrusions 
and slits. By using this relation, a ratio of domain areas can be constant regardless of assembly errors. Now, the influ- 
35 ence of assembly errors in ttie panel of the first embodiment will be described. 

Rgs 100A and 100B are sectional views of a panel in the first enr^odiment As described already, a region where 
the orientation is regulated is defined by ttie protrusion 20A formed on the common electrode 1 2 and the protrusion 20B 
formed on the cell electrode 13. In Fig. 100A, the region defined by the right inclined side surface of the protrusion 20B 
and the left inclined side surface of the protrusion 20A is designated as a region A, and the region defined by the left 
4o inclined side surface of the protruaon 20B and the right inclined side surface of the protrusion 20A is designated as a 
region B. 

Assume that the CF substrate 16 is displaced leftward of the TFT substrate 1 7 due to an assembly en^, as shown 
in (2) Fig. 1 0OB. The region A Is reduced, while the region B increases. Therefore, the ratio between region A and region 
B is not already 1 to 1. The resulting proportion of liquid crystalline molecules divided in orientation Is not equal, ttiereby 
deteriorating the viewing angle characteristic. 

Rgs. 101A and lOIBare sectional views of a panel according to a22th embodiment In ttie 22tti enri}odiment as 
shown in Rg. 101 A. a depression 22B and a pnrtrusion 20B are formed in ttie TFT substrate 17. followed by forming a 
depression 20A and a protrusion 22A on ttie CF sul>strate 16. This process is repeated. As shown in Rg. 1 01 B, assum- 
ing that ttie CF substrate is displaced witti respect to the TFT substrate 1 7 at the time of assembly, ttie region A* defined 

so by ttie protrusions 20B and 20A is reduced. Since the region A" defined by the depressions 22B and 22A is increased 
by ttie same amount as tiie region A* is reduced, however, ttie region A remains uncfianged. The region B, which is 
defined by ttie protrusion 20B, the depression 22B, the protrusion 20A and the depression 22A. remains unchanged 
since the interval between tiiem remains unchanged. Consequentiy, ttie ratio between the regions A and B remains the 
same, and the superior viewing angle characteristic is maintained. 

ss Fig. 1 02 is a sectional view of a panel according to a 23tti embodiment. In the 23th embodiment as shown, the CF 
substrate 16 is fbnned wrtfi the protrusions 22A and the depressions 20A alternately with each other. This process is 
repeated. The region A is defined by the left inclined side surface of the protrusion 20A and ttie right inclined side sur- 
face of ttie depression 22A, while the region B is defined by ttie right inclined side surface of ttie protrusion 20A and ttie 
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.d^ «nu wanrwt be saio as exceiient. Nonetheless, since the protrusions 20A and 20B are disposed ftTr™,^ 
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Fig. 107 is a graph &howring the result of the response speed measured in the way desaibed above. This graph 
corresponds to the one obtained by extracting the object portion shown in Ftgs. 20A and 20B. As can be seen clearly 
from the graph, the response time drops as the gap d2 becomes smaller. 

Fig. 108A shows the change of the transmittance when the applied voltage is changed, by using the gap d2 as a 
parameter. Rg. 108B shows the change of the transmittance when the voltage is changed from OV to 3V by using the 
gap d2 as a parameter. It can be seen from Figs. 108A and 1 08B that the response speed of the Intermediate gradation 
can be drastically improved by decreasing the gap d2 of the prctruslons. However, the maximum transmittance drops 
when the gap d2 of the protrusions is decreased. 

Fig. 109A Is a graph showing the normalized lime change of the Uansmittance at each gap d2, and Fig. 109B 
explains the orientation change of the liquid crystal. Assuming that the time before the transmittance reaches 90% of 
the maximum transmittance is an ON response time, the ON response time when d2 is 10 (im is Ton 1. the ON 
response time when d2 is 20 ^ is Ton 2 and the ON response time when d2 is 30 is Ton 3, they have a relationship 
of Ton 1 < Ton 2 < Ton 3, 

The reason why such a difference occurs is because only the liquid crystals in the proodmity of the protrusion are 
oriented perpendGcularly to the slope of the protrusion and the liquid crystals away from the protrusion are oriented per- 
pendicularly to the electrode when tiie voltage is not applied, as shown in Fig. 109B. When the voltage is applied, the 
liquid crystal is inclined., and the liqiad crystal can take the tilt angle of up to 360 degrees with respect to the axis per- 
pendicular to the electrode. The liquid crystal In the proximity of the protrusion is oriented when the voltage is not 
applied, and the liquid crystal between the protnjsions Is oriented in such a fashion as to extend along the former liquid 
crystal as the trigger. In this way is formed the domain in which the liquid crystals are oriented in the same direction. 
Consequently, the closer to the liquid crystal to the protrusion, the more qutcMy it is oriented. 

As described above, the response time between black and white is sufficiently short in the existing VA system LCDs 
and it is the response time between the intermediate gray-scale that becomes the problem. In the case of ttie structure 
shown in Rgs. 105A and 105B. the transmittance in the regions having a narrow gap d2'' changes within a short time 
whereas tfie transmittance in the regions having a broad gap d2* changes gradually. The regions of the gap d2'' are nar- 
rower flian the regions of the gap d2' and have a smaller contribution to the transmittance. but because the human eyes 
have logarithmic characteristics, the human eyes catch the change as a relatively large change when the transmittance 
In the regions of the small gap d2" changes a little. Therefore, if the transmittance of the regions having a small gap d2" 
changes within a short time, this change Is caught as the drastic change as a whole. 

As described atx>ve. the panel according to the 25th embodiment can apparently Improve the response speed 
between the intermecfiate gray-scale without lowering the transmittance. 

F^. 1 10 sho¥vs the panel structure of the 26th embodtmenL As shouvn in the drawing, the protrusions 20A and 20B 
are disposed in an equal pitch on the substrates 1 6 and 1 7 and the electrodes 1 2 and 1 3 are formed on the protmslons. 
respectively, in this 26tfi embodiment. However, the electrodes are not fbmied on one of the slopes of the protrusions 
20A and 208, and a vertical alignment film is further formed. The protrusions 20 A and 20B are arranged in such a fash- 
ion that the slopes on which the electrode is formed and the slopes on which the electrode is not formed are adjacent 
to one another. In the region between ttie slopes on which the electrodes are not formed, the liquid aystals are oriented 
perpendiculariy to the slopes, and the orientation direction is decided consequently. The electric f ieki in the liquid crystal 
layer is represented by broken lines in the drawing. Since the liquid crystals are oriented along this electric fiekl. the ori- 
entation direction due to the electric field in the proximity of the slopes, on which the electrodes are not formed, coin- 
cides with the orientation directton due to the slopea 

In ttie region between the slopes on which the electrode is formed, on the otiier hand, the liquid crystal in the prox- 
imity of the slopes is oriented perpendicularly to the slopes, but the orientation direction of the electric field in this region 
is different from the orientation direction due to the slopes. Therefore, the liquid crystal in ttiis region is oriented along 
the electric f ieU with tiie exception of the portions near the slopes when the voltage is applied. Consequentiy, tfie ori- 
entation directions in ttie two regions become equal to each other, and the mono-domain orientation can be obtained. 

Fig. 1 1 1 shows the viewing angle perfbrmarx:e witii respect to contrast when a phase difference f Om having nega- 
tive dielectric constant anisotropy and having the same retardation as ttiat of Uie iiquki crystal panel is superposed witti 
the panel of the 26tti embodiment A high cont^ast can be obtained over a broad range of viewing angles. Incldentaliy. 
when ttiis panel is assenlbled into ttie protrusion type projector, ttie contrast ratio is at least 300. IncWentally, ttie con- 
trast ratio obtained when ttie ordinary TN mode LCD Is assembled Into ttie protrusion type projector is about 100, and 
It can be appreciated that ttie contrast ratio can be drastically Improved. 

In the case where a liquid crystal display device having a configuration witii a protrusion pattern is driven as in the 
first embodiment, the display quality is seen to deteriorate in the nelghbortiood of the bus line (gate bus line or data bus 
line) in ttie pixel. This is due to ttie undesirable minute region (domain) formed in the neighborhood of the bus line and 
the resulting disturbance of liquid crystal orientation and reduced response rata The protdem ttuis is posed of a 
reduced viewing angle characteristic and a reduced color characteristic in half tona This problem is solved in a 27tti 
emtxxiiment. 
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manS JJf in ■S^'" ^ ^''^'^'^ '^P^^""'' ""^ protrusions accoiding to the ernbodi- 

mente as set above. The protrusion pattern desaibed above has a pluralHy of protrusions of a predetermined wSh "d 

a^L^flh'"'!'''^'* '"^^'"^ predetermined pitches, m Rg. 11^ therefore, the wicJ,T^ lSrirt?.JL m 
assumetrftheprotrusjon assume the predetemiinedvalu^ 

ta«ons(brmedonasubstrale. however. haveapredetem^inedviWthl.TOs is also the c^^ 

■■coT A ^^l*^^ If ^"T"^ wavelength dispersion characteristic of the optical anlsotropy of the liquid crystal 
used. As shcwa rt IS seen that the shorter the wavdenglh, the larger the retard^n An. tS Se r^SaST, 
■ mcre^es m the order of blue (B) pixel, green (Q) pixel and red (R) pixel, and different «lo^ iSve dSereS reSti^^ 
An «^le passing through the liquidH^ystal layer, fm difference is desirably as small as po^iSe ^^t^^abon 
ertiSnLr- protrusion pattern according to a 27th embodiment of the invention. In the 27th 

SSSSfi!,?^ ^ ^'^U^^' ?^ P*""' P***' have the same protmston 

iSsrhTSo^rssTrrTm?^^ 

moi pJ-tn?'*' the protrusion interval m. the larger the effect that the electric field vector has on the liquid crystalline 
mo^«ajles. thus iT«tang It more possiWetoallw^^^ 

IS a diagram shoMAg the relation between the appHed voltage and the transmlttarce - ---- "fL^^-.r^^ 
pmlrusion Interval. It is seen that the larger the^erval m. L l^gr^rn^S ap;;;re":;^^^^^^^ 

Rg. 113. By changing the prolnjsion nierval m fbr each color pixel as shown in Rg. 114. the difference of the retarda- 
traoforapartcular color can be Educed An wNlepass^ 

emtSl!^ *1 Ki^^fm ^.'^T^J' * P~*~^'''" P*"*^ according to a 28th embodiment of the inventloa In the seventh 
embodiment, the blue (B) pixel 13B. the green (Q) pixel 1 3Q and the red (R) pixel 13R have the same orairu^r. in»~^ 
m b^dlfferent protrusion widths I. The effect is the same as that of the ^h^S^iJnS^ 

«mh«SJJn! V '"^l™^ " P«*»»n according to an 29th embodiment of the Invention. In the 29th 

embodiment the protrusion interval m in each pixel Is set to a small value ml In the upper and lower reg tons ne^ to 
Ir Th^SIk '"1^"^ a targe value m2 at the central regloa In the neighborhood of a bSlne^chTrth^Xti^ne 

eJ^LSif ^ 1 "^"f^ deteriorating the display quality. According to the eighm 

a^^?^^ • J!*^ « f I^u"*?^ " '^8'°" B«te ^ «"« 'hereti to make it difficuH (or S 

Sr^^T^T^^'^^^*'"^''*^- ^ P^°*'"«'°" reduces the numerical aperture accwSohr aS 

?^e S^iorr^L^::'^^^"^^^ «h«reft,re. a targer protmslon SJ^V^Z^. 

r«JicT^« ZJ?^?h ^!!!^ .1'^*® ^^"^ embodiment can minimize the reduction in numerical aperture and 
reduce the effect of the electrical field vector generated by the gate bus Dne. -h «» 

..nnllS' a f aora"! showing the change that the relation between the applied voltage and the transmlttance 

aS7e c^'^r.!:^ "I?"* ^'^^ "^^^^ beLen the apSiS^^S 

t^^J^TJ V^f^^°^^ ^ protrusion height is changed. Rg. 122 the change of the IransmSnce inwSe 
\^prl^Z^ ^''"^f°" '""f^ «^ » the transmittanL in black levS^ e^e^ o 

^ tS^J?.^^ '''^^'^'^ measuring the transmlttance and the contrast in tesrteauiD- 

ftS,2^.?!ir?l t"^ "^"^ °' ^ P^'*"^'^" to 7.5 Mm and 15 ^m. re^^th^ cSl 

thidmess to about 3.5 ,mi. and the resist height to 1.537 nm. 1.600 nm. 2.3099 nm and 2.486nm "P^"^' 

This fe^cS'S^l^I^^^rillf J^fi*^^ "^^^^ ^'^"^ ^ ^ '"'^^^^^^ '^^f' resist height. 

ttTe liSiS^^fJ r •« ^ ^.f P"^"^ ^" ^"^"^'>' crystal is so large ^at 

J?rl««!2^?H '^Tf^ '5 *«"^'"'««"''« Ceal^ae "9ht) in black level (without any ^ed voltage) al^ 

S«n h f .P'°»^"'»'°" height. This is not desiiaUe as it works to deteriorate the black le^e contS (raS^ 
between white luminance and black luminance) decreases with the protrusion height It is therefore dciS3e?,S^J 
masking material for the protrusion and not to increase the protrusion height excessively 

sup^to Z'la^ trtJi!^ ^^u"^ ^ P™^"^"" height, and therefore a 

SSSSLrSTh «• T*^* '^"^"^ P~*^°" ^^'fl'^ Pi'^l thus adjusting the color 

tte JSSTSr^f 11? ' ^?r.*t'^. ^PP^P^'ate'y in accordance wilh the distance from L bus line. Fo 
the R pixel, for example, the protrusion height is increased, and decreased fbr the Q pixel and the B pixel in that onler 
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or in each pixel, the protrusion height is increased in the neighborhood of the bus line and lowered at the centra! portion. 

The inventor has confirmed that the screen display can be accomplished without any problem even when the pro- 
trusion height is increased to the same level as the cell thickness. As a result, the protrusion height is set to the same 
level as the cell thickness as shown in Rg. 124A. or protrusions are formed at the opposed positions on the two sub- 
strates as showvn In Rg. 124B so that the sum of the heights of the two protrusions is the same as the cell thickness. In 
th's way. the protrusion can play the role of a panel spacer. 

Figs. 125A and 125B are diagrams showing a protrusion pattern according to a 31th embodiment. In this emlxxJi- 
ment. as shown in Rg. 125A, the inclination of the side surfaces of the protrusion is defined by the angle 9 that the side 
surface forms with the substrate (electrode). This angle is called the taper angle. According to the tenth embodiment, 
assume that the taper angle 6 of the protrusion 20 can take several values as shown in Rg. 125B. Generally, the larger 
the taper angle e. the more satisfactory the orientation into which the ttquid crystalline molecules fall. By changing the 
taper angle 0, therefore, the orientation of the Ik^uid crystal can be changed. Thus, a superior display can be made pos- 
sible by changing the taper angle for each color pixel to adjust the color characteristic or by setting a proper taper angle 
e in accordance with the distance from the bus line. For example, the taper angle e is set large for the R pixel, and 
decreased for the G pixel and the B pixel in that order. Also, the taper angle e Is increased in the neighborhood of the 
bus line and decreased at the central portion in a pixel. 

As described above with reference to the sixth to tenth embodiments, the orientation regulation force of the protru- 
sion is changed by changing the protrusion Interval, protrusion width, protrusion height or taper angle. It is therefore 
possible that these condilions are differentiated within a pixel or with different color pixels to partially differentiate the 
orientation regulation force of protrusions and thus to assure the viewvtng angle characteristic or response rate of the 
liquid crystal as near to the Meal ones as possible. 

Retardation off the fiquid crystal depends on the wavelengtti as shown in Fig. 1 1 3. Therefore, an enfcodiment of tiie 
liquid crystal panel which improves luminance of white display on the t>asis of tiiis feature and accomplishes a high 
response speed for all the color pixels will be explained. 

First, wavelength dependence of tiie VA system win be explained briefly. Fig. 126 shows the change of a twist angle 
of a liquid crystal layer due to the application of a voltage when a vertical orientation (VA) system liquid crystal display 
panel using a Itqukf crystal having negative dielectric anisotropy (n type liquki crystaQ is provided with the twist angle. 
When no voltage is applied, the liquid crystal is oriented in a direction of 90 degrees on tiie surface of one of the sul>- 
strates and in a direction of 0 degree on tiie surface of the other substrate, so tfiat the twist of 90 degrees is attained. 
When the voltage is applied under this state, only the liquid crystalline molecules in the proximity of the surfece of the 
substrate undergo twisting in such a manner as to follow the anchoring energy of the sutistrate surface, but twisting 
hardly occurs in other layers. Therefore, the mode does not substantially change to the rotatory polarization mode (TN 
mode) but to the birefringence mode. Rg. 127 shows tiie change of relative luminance (transmittance) to the change of 
the retardation And (d: |im) in txjlh the TN mode and the birefrigence mode. As shown in the graph, the birefringence 
mode exhibits sharper transmittance characteristics to And of the liquid crystal than the TN mode. As described above, 
the vertical orientation liquid crystal using the n type liquid crystal executes black display when no voltage is applied and 
white display when the voltage is applied, by using the polarizer plate as the cross-Nicol. 

Fig. 128 shows the change of ttie transmittance to the change of And at each wavelength (R: 670 nm, G: 550 nm, 
B: 450 nm). It can be appreciated from this graph that when the thickness of tiie Gquid crystal layer is set to And at which 
luminance in white display attains the maximum, that is, to And at which the transmittance attains the maximum at tiie 
wavelength of 550 nm. the transmittance at 450 nm becomes excessively low. Therefore, tiie thickness of the liquid 
crystal layer is set to a value smaller than the thickness determined from maximum luminance so as to restrict coloring 
in white display. Therefore. luminance In white display is lower than tiiat of the TN mode, and in order to obtain white 
luminance equivalent to tiiat of the liquid crystal display panel of the TN mode, t)ack-light luminance must be increased. 
To increase this back-light luminance, however, power consunption of illumination must be increased, and the range of 
application of the panel is limited. When the ttiickness of tfie liquid crystal layer is Increased by laying stress on white 
luminance, the transmittance becomes excessively low at 450 nm in comparison with the TN mode, and the panel is 
colored yellow in white display. 

To enlarge the viewing ans^e range, on the other hand, it has been customary to add a phase difference film, but 
when tiie thickness of the Uquid crystal layer becomes great, ttie color change in tiie dtrectton of the critical angle (trans- 
verse direction) becomes so great that even if the retardation value of ttie phase difference film is the same, the color 
difference becomes greater. 

In the 32th embodiment, the thickness of ttie liquid crystal layer of each color pixel is individually set so ttiat ttie 
transmittance becomes maximal when the driving voltage is applied. However, when the ttiickness of ttie liquid crystal 
layer is different, a difference occurs In the response speed and the color tone cannot be displayed correctiy when the 
operation display is earned out. Therefore, when the thickness of the liquid crystal layer is set to a different value for 
each color pixel, means for making unifbon tfie response speed of the liquid crystal becomes necessary. 

Fig. 129 shows the change of tfie liquid crystal response speed to the gap of the protrusions or the slits when And 
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is sprayed to form a seal and aft^u- hnrvfi J^-Ih I! ■ ^f5!^* . vertical alignment fBm is applied, a 3.6 pm spacer 

1.4 Mm for the B pixel a protrusion hl^rf^ I wXT^ ^ 1 ^ resist is applied to a Wellness of 

protrusion is 3.5 L tSeTdS^ zT3^ZT. r "T '^^TT^ ^ PhotolithoBraphy. As a result, the height of the 
20A and the slit isTet^, S Jm fer the^R^^xS a^^ZlTi''* ^ t'^' ""^^^ 
pixeLQ plxel:R pixel is srt to iTlSa!! 07. *^ ^ and 30 Mm for the B pixel. The area ratio of the B 

is aeSSTttie Mnr^^^S ^"^^ ^'"'^ ^^O nm) in match with nd of the liquid crystal layer of the Q pixel 
Se ^rtJJe Tmlii^r'Slf ^ ^"^^ modification produced in the mann^desc^ed ab^.'S 

.ic^e.of«,elipu.dcrj.ai^^^^^ 

thicl^e "oMh^^uS^SrCr'S^^^^^^^ '^^^ be^^^etrtj^a^ing the 

the length of the S^c^jS^^oSSIn t^e^ST^ r^esented by the prior art example 1. but because 
length fluctuates greafly aS*e^™^«Si?i!l <™'«""ttan«=e of the square wave- 

its ^ification. .rgi cJiTe f^SSLs^Th^^ tT"' "^'^^ ^n^.nt and 

.^::^rb=-s£r^^^^^ 
to.hrs~^i5:2S;:srsrL^^^^ 

crystal response speeJism^Tu^ClCS^cSiS?^ 

Obtain^ With high cotor reprodual^lity^evr^hlTi^^ "^^^ <- 

Next, processes for forming protrusions will be described 

ITOftareTnSSTh^^^ 

easily earned out by' Sg L^itio^^^ ^"^^^^ ^^^^^^^^^ « photolitHography, This process Is 
oy utilizing the conventional process as it is. an increase in number of steps can be avoided. For forming insu- 
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iating protrusions, it is thought that an insulating layer used in the conventional process is further patterned in order to 
leave the pattern of protrusions intact. For creating corxiucting protrusions, a conductive layer used in the conventional 
process is further patterned in order to leave the pattern of protmsions intact 

Fig. 133 is a diagram showing the structure of a TFT substrate in the 33th ernbodiment. The thirteenth 33th pro- 
vides a structure in which an insulating layer used in the conventional process Is utilized for creating insulating protru- 
sions. In this structure, the ITD electrodes 13 are formed first. An insulating layer is fonmed on the ITO electrodes and 
portions of the insulating layer coincident with the ITO electrodes 13 are removed. At this time, portions of the insulting 
layer coincident with protrusions 68 are left intact. The gate electrodes 31 are then formed. An insulating layer is formed 
and portions of the insulating layer other than necessary portions are removed. At this time, if the protrusions are 
required to have a certain thidoiess* portions of the insulating layer coincident with the protrusions 68 are left intact. 
Thereafter, data bus lines and TFTs are formed in the same manner as a conventional process. In the drawing, refer- 
ence numeral 41 denotes a drain (data bus line), 65 denotes a channel protective film. 66 denotes a wiring layer used 
to separate devices, and 67 denotes an operating layer ibr transistors. The ITO electrodes 13 and sources are linked 
by holes 

Figs. 134A and 134B are diagrams showing examples of a pattern of protrusions manufactured according to the 
process descrbed in conjunction with the 33th embodiment. Fig. 134A shows linear and parallel protrusions used to 
divide an orientation-divided domain into two regions, and Fig. 134B shows zigzag protrusions used to divide an orlen- 
tation^ivided domain fnto four regions. In the drawings, reference numerals 68 denotes a protrusion, and 69 denotes 
a pixel. 

Rg. 135 is a diagram showing the structure of a pan^ of the 34th embodiment. Ihe 34th embodiment provides a 
structure In which a conductive layer used in the conventional process is utilized for forming conducting protrusions. In 
tWs structure, firsl a TFT light-interceptive metallic layer 70 for intercepting light from TFTs is formed, an insulating layer 
is formed on the metallic layer 70, and ITO electrodes are formed thereon. An insulating layer is formed further thereon, 
data bus lines and Tin's are then formed. arxJ an insulating layer is formed further thereon. A layer of gate electrodes 
31 is then formed. The insulating layer is removed except portions thereof coincident with the gate electrodes. At this 
time, portions of the insulating layer coincident with the protrusions 20B are left intact 

Figs. 1 36A and 1 368 show examples of a pattern of protrusions manufactured as described In corjunctlon with the 
34th embodiment Fig. 1 36A shows linear and parallel protrusions used to divlde-an orientation<fivided domain Into two 
regions, and Fig. 136B shows zigzag protrusions used to divide an orientation-divided domain into four regions. In the 
drawings, reference numeral 20B denotes a protrusion. Reference numeral 35 denotes a CS electrode. The CS elec- 
trodes 35 are extending along the edges of pixel electrodes so as to work as black matrices, but are separated from the 
protrusions 20B. This is because the CS electrodes 35 apply a certain voltage to the pixel electrodes (FTO electrodes) 
13, and that if the voltage were applied to the protrusbns 20B. alignment of liquid crystalline molecules would be 
adversely affected 

Figs. 137A to 137D show a process for manufacturing the TFT substrate of the panel of the 35th embodmenL As 
shown in Fig. 137A, the gate electrode 31 is patterned on the glass substrate 17. Next, the SiNx layer 40. the amor- 
phous silicon (a-Si) layer 72 and the SiNx layer 65 are serially formed. Further, as shown in Fig. 137B. the SiNx layer 
65 is etched to the a-Si layer 72 in such a fashion as to leave only the portion of the channel protecting film. The n^ a- 
SI layer and the Ti/AI/Tl layer conresponding to the data bus One. the source 41 and the drain 42 are formed, and etching 
is then so made by patterning as to leave only the portions corresponding to the data bus line, the source 41 and the 
drain 42. After the SiNx layer con^esponding to the final protecting film 43 is fomied as shown in Fig. 137D, etching is 
then made to the surface of the glass substrate 1 7 in such a manner as to leave the portions 43B and 40B correspond- 
ing to the portion necessary for ir^ulation and to the protrusions At this time, the contact hole of the source electrode 
41 and the pixel electrode is formed simultaneously, too. Further, the ITO electrode layer is formed arxj patterned, 
thereby forming the pixel electrode 13. Therefore, the height of the protrusion is the sum of the SiNx layer 40 and the 
final protecting film 43. 

Rg. 138 shows the structore of a modification of the panel of the 35th embodiment and when the SiNx layer cor- 
responding to the final protecting film 43 is etched, etching is made up to the upper surface of tiie SiNx layer 40. There- 
lore, the height of the protrusion is the thickness of the final protecting film 43. 

Figs. 139A to 139E show a process for manufacturing the TFT substrate of the panel of the 36th embocOmerrt. As 
shown in Fig. 139A. the gate electrode 31 is patterned on the glass substrate 1 7. Next, the ITO electrode layer is formed 
and patterned to form the pixel electrode 13. The SiNx layer 40, the amorphous silicon (a-Si*) layer 72 and the SiNx 65 
are serially formed as shown in Fig. 139B. Further, the SiNx layer 65 is etched up to the a-Si layer 72 in such a fashion 
as to leave only the portion of the channel protecting film. The a-Si layer is further formed. As shown In Fig. 1 39C. 
etehing is then made up to* the surface of the pixel electrode 13 In such a fashion as to leave the necessary portions 
and the portion 40B corresponcfing to the protrusion. The Ti/AIAl layer corresponding to the data bus line, the source 
41 and the drain 42 is formed as shown in Rg. 139D. and is then patterned in such a fashion as to leave only the por- 
tions conresponding to ttie data bus line, tiie source 41 and tiie drain 42. The n"^ a-Si layer and the a-Si 72 are etched 
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by uang the data bus line; the source 41 and the drain 42 as the mask After the SiNx layer corresponding to the final 
prrtectoiB tarn 43 IS formed as shown in Rg. 139E. etchbig is made up to the surface of the pixel electrode 13 in such 
a fashion as to leave the portion necessary for insulation and the portions 43B and 40B corresponding to the protru- 



.K f^lT ^2^'^^'®"" '^^^ embodiments relating to the manufacture of the protrusion 20B 

on the side of the TFT substrate 1 7. but there are various modifications depending on the structure of the TFT substrate 
17. and the hte. In any case^ the pioducUon cost can be reduced by manufacturing the protmsion by conjointly using 
the manufactunng process of other portions of the TFT substrate 17. ' ' ** 

As has been explained already, the protrusion of the dielectric material disposed on the electrode has the advan- 
tage BNat stable orientation can be obtained because the direction of regulation of the orientation by the slope coincides 
with the direcbon of regulation of the orientation by the electric field at the protrusion portion. Howerar. the protrusion 
s the dielertnc material disposed on the electrode and the alignment film is fanned on the protnision. Fbr this reason 
l!^-^"^ -?^'^' asymmetric between a pair of electrodes, and the charge is likely to stay 

wrth theapplicaton of the VDllaga In consequence, the residual DC voltage becomes high, and the problem of so^alled 
"burn" occurs H the area of the projection is relatively large. "^-"ea 
.K ^f^t^ *® ""elaSo^'P between the thickness of the dielectric material on the electrxxle and 

^WAteB graph showing this relationship and Fig. 1 40B shows the portion corresponding 
to the Sickness d of the dielectric material and the position of the occun-ence of "burn'. The vertical aHoiment film 22 
r?L'^.u !.. material, and the sum of the height of the protrusion and the vertical alignment IBm 22 corresponds 

to Uie thickness d of thedelectric material as shown in Hg. 140B. The residual DC voltage increases wHh the increase 
o das shown mRg. 140A.Tlierefbre.burni8likBlytooccurattheportionoftheprotruslon20 shown in Rg. 140B This 
also hows frue of the case where the dielectric depression is formed on the electrode as in the eighteenth embodiment 
showi in Rg. 93. The 37th embodiment to be explained next is directed to prevent the occurrence of such a problem 

Rgs. 141A and 141B show the structure of the protrusron in the 37th embodiment. Rg. 141 A is a perspective view 
of the promsion 20 and Rg. 141 B is a sectional view. As shown in these drawings, the protrusion 20 has a width of 7 
fun. the width of its upper surface is about 5 nm and its height is about 1 to 1.5 jmi. A laige number of fine pores are 
formed on this upper surface, and each fine pore has a diameter of not greater than 2 jim. 

Rgs 1 42A to 1 42E are drawings showing a method of fonning the protmston (on the side of the CF substrate) hav- 
ng such f me por^ As shown in Rg. 142A. the glass substrate having the opposed electrode 12 of the ITO film fbrmed 
B T/lo Z J photosensitive resin (resist) is applied and Is then baked to form a resist layer 351 as shown in 
Rg. 142B. A mask pattern 352 permitting light to transmit through the portions other than the protruston and the pore 
portions IS brought into dose contact with the resist layer 351 and then exposure is effected. The protmsion 20 shown 
in Rg 142DIB obtained by then carrying out development When baking is made further, the protrusion 20 undergoes 
shnnkago. and the side surface changes to the sfope as shown in Rg. 142E. 

When the substrate having the fine pores formed in the protrusion described above and the substrate not havina 
the pores are assembled and the residual DC voltage is measured by a flicker erasure method (DC: 3 V. AC: 2.5 V tem- 
^ • ^ ^"=ation time: 1 0 minutes), the residual DC voltage is 0.09 V when the fhe pores are formed and 
IS 0.25 y when they are not fanned. Because the residual DC voltage is reduced in this manner, seizure becomes more 
aiTTicuit to occur. 

« M^t"^" crystalline molecules are oriented perpendiculariy to the slopes of the protrusions, etc, and to the electric 
field. It has been found out however, when ttie gap of the protmsions becomes smaHer to the size approximate to the 
irie pores, the liquid crystalline molecules are not oriented to the slope of the fine portions. Therefore, the Ibuld crys- 
tainne molecules are affected at the upper surfece portion of the protrusions by the influences of the orientatton due to 
me slopes on both sides and are oriented along this orientation. 

"^B- 1''^ shows the protrusion stmcture of the 38th embodiment In the 38th embodiment a groove having a width 
01 3 Mm and a small thickness is disposed below the protrusion 20B having a width of 7.5 |im on tfio TFT substrate side 
Further, a chromic shading layer 34 is disposed below the protruston 20a Such a protmsion 20B can be manubctured 
Z.^ ^"^IVT^ ^ ^ °' ^ 8"*odiment When the residual DC voltage is measured fbr the protrusion 
obSlIS e'T'bodiment. it is 0.10V. and the result sitetantially equal to that of the 37th embodiment can be 

In the protruston structure of the 38th embodiment, the Hquid crystalline molecules are not oriented at the groove 
portion in the directton perpendicular to tiie substrate when no voltage is applied, and the vertical orientation property 
ge» deteriorated In some cases. However, because tiie shading fUm 34 is disposed, leaking light due to abnormal ori- 
entation at ttiis portion is cut off and does not invite the drop of the contrast 

A^"^' '^.^ ^V'^ °' * ^ examined. NormaDy. «ie resist has a section like the one shown In Rg 

144A immediately after completion of patterning. However, in the mode of the present invention, a cylindrical section 
having a rather smooth slope contributes to more stable aOgnment. Substiates immediately after being patterned were 
oaKea at 200'C. whereby the sectional shape of the resist was changed into the one shown in Rg. 144B. Rgs. 145A to 
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1 45E are diagrams showing a change in sectional shape of the resist deriving from a change in temperature at which 
the patterned resist is baked. Even when the baking temperature was raised to 150**C or more, a further change in sec- 
tional shape was limited 

Talking of the reasons why the resist was baked at 200*C. aside from a reason that the sectional shape of the resist 
is intended to be changed, there is another important reason. That is to s^. when the resist employed in the prototypes 
is baked normally (at 135*'C tor 40 min.). it is melted while reacting upon a solvent applied to an alignment film. In this 
embodiment, the resist Is baked at a high enough temperature before the alignment film is formed, and thus prevented 
from reacting upon the alignment film 

In the first embodiment, the resist Is baked at 200'C in order to make the sectional shape of the resist cylindrical 
Data that has been descrbed so far was acquired using the pattern of protrusions whose sectional shape is cylindrical. 

In the foregoing examples, the sectional shape of a resist is made cylindrical by optimizing the baking temperature. 
Depending on the line width of a resist, the resist becomes cylindrical naturally. Rgs. 146A to 146C are diagrams show- 
ing the relationships between the line wkith of a resist and the sectional shape thereof. When the line width is about 5 
micrometers, the resist has a preferable cylindrical shape naturally. Presumably, therefore, when the fine width Is about 
7 micrometers or less, a resist having a naturally cylindrical sectional shape can be formed. In an existing display, the 
tine wkfth of 5 micrometers can actually be adopted. Depending on the performance of an exposure device, even when 
the line width is in the ynit of submicrons, the same alignment can be thought to be attained in principle. 

When a protrusion Is used as the domain regulating means, furthermore, it becomes necessary to form a vertical 
alignment film thereon. Rgs. i47A and 147B are sectional views of a conventional panel using protrusion as a domain 
regulating means, and illustrates the protrusion. Referring to Fig. 147A. on the substrates 16 and 17 are formed color 
filters and bus lines as well as ITO electrodes 12 and 13. Pmtrusions 20A and 20B are formed thereon, and vertical 
alignment films 22 are fonmed on the ITO electrodes 12 and 1 3 that include the protrusions 20A and 20B. 

When the protrusion is formed by using the positive-type photoresist such as a TFT flattening agent HRC-135 man- 
uftu:tured by JSR Ca the surface exhibits poor wettability to the vertical alignment film, expels tiie material of the verti- 
cal alignment film that is applied, and makes it difficult to form a vertical alignment f am on the surface of the protrusion. 
Rg. 147B shows this condition. Therefore, it causes a problem in that no vertical alignment film 22 is formed on the sur- 
faces of the protrusions 20 A and 203. The protrusions 20A and 208 having no vertical alignment film 22 formed on the 
surfaces thereof, do not help obtain a desired orientation. Therefore, light-leakage occurs from tiie protrusions to dete- 
riorate the quality of display. A 39th embodiment is to solve this problem. 

According to the 39tti emtxxiiment. the surface of the protrusion Is treated so that the material of the vertical align- 
ment film easily adheres onto the surface of the protrusion. As the treatment for enabling the material of the vertical 
alignment film to easily adhere to the surfoce of the protrusioa it can be contrived to form fine ruggedness on tiie sur- 
face of tiie protrusion so that the material of the alignment film can be favorably applied thereto, or tfie wettability of the 
surface of the protrusion can be enhanced relative to the material of the vertical alignment film. When fine ruggedness 
is formed on the surface of the protrusion, the liquid of the alignment film stays in the concave portions, and the material 
of tiie alignment film is less expelled by the surface of the protrusbn. The ruggedness can he formed by either a chem- 
ical treatment or a physical treatment. As the chemical treatment, ashing can be effectively employed. 

Rgs. 148A to 148C are diagrams illustrating a mettiod of forming protrusions according to a 39th embodiment 
based on the ashing treatment Referring to Fig. 148A. a protrusion 20 is formed by using the photoresist on the elec- 
trode 13 (which, in tNs case. Is a pixel electrode 13 but may be an opposing electrode 12). The protrusion 20 has tiie 
shape of, for exarnple, a stripe of a wklth of 10 ^m and a height of 1.5 im. The protrusfon is annealed to assume the 
shape of a dome in cross section. The surface of protrusion on the substrate Is sut>jected to the ashing treatment using 
a conventional plasma asher. Through the plasma ashing, fine dents are formed on the surface of the protrusion as 
shown in Rg. 1488. The thus obtained substrate is washed, dried, arxJ onto which a vertical orientation member is 
applied by using a printer. Due to tiie effect of ruggedness formed on the protrusion, the orientation member is not 
expelled, and a vertical alignment film is formed on the whole surface of the proh-usion as shown in Fig. 148C. There- 
after, the processing is executed in the same manner as tiiat of the ordinary multi-domain VA system. The thus obtained 
liquid crystal display device exhibits favorable display properties without defect that stems from the expulsion of tiie 
alignment film. 

Anottier example of the ashing treatment will be an ozone ashing treatment exhibiting the same effect as that of the 
plasma ashing treatinent 

As a physical method of forming ruggedness, the substirate is washed witfi a brush by using a substrate washing 
machine after the protrusion has been annealed. This forms ruggedness in the form of stripes on the proti'usion. Other 
examples of the mettiod of physically forming ruggedness include effecting the rubbing by using a rubbing device as 
shown in Fig. 149A, and transferring ruggedness of a roller 103 by pushing the rugged roller 103 onto the substrate on 
which the protrusion 20 has been formed as shown in Rg. 149B. 

Fig. 1 50 is a diagram illustrating the in'adlation with ultraviolet rays in order to enhance the wettability of the surface 
of tiie protrusion relative to the material of the vertical alignment film. As described above, a protrusion 20 same as that 
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of Figs. 148C is formed on the substrate l>y using a photoresist By using an excimer U V irradiation apparatus, the sub- 
strate is irradiated with ultraviolet rays of a main vravelength of 172 nm in an environment in which an oxygen concen- 
tration is not lower than 20% in a dosage of 1000 mJ/cm^. This helps improve the wettability of the surfaces of the 
substrate and of the protrusion relative to the material of the vertical alignment film. The thus obtained substrate is 
washed, dried, and is coated with the vertical orientation member by using a printer. Since wettability has been 
improved by the irradiation with ultraviolet rays, the orientation material is not expelled, and the vertical alignment film 
Is formed on the whole surface of the protrusion. Thereafter, the processing is carried out in the same manner as that 
of the ordinary multi<fomain VA system. The thus obtained liquid crystal display device exhibits favorable display prop- 
erties without defect that stems from the expulsion of the alignment film. 

Rgs. 151 A and 151 B are graphs illustrating a change in the expulsion factor of the material of the vertical alignment 
film of when the conditions are changed in which the protrusion formed of a photoresist is inadiated with ultraviolet rays. 
Fig. 151 A is a graph illustrating a relationship among the wavelength, dosage (radiation quantity) and expulsion factor 
(repellent occun^ence ratio). Ultraviolet rays having a wavelength of not longer than 200 nm are effective. When the 
wavelength is longer than 200 nm, the improvement is accornplished to only a small degree. When the ultraviolet rays 
have a wavelengtti off not longer than 200 nm, furthermore, no expulsion (repellent) occurs with the dosage of 1000 
mJ/cm . Fig. 151 B is a graph Illustrating a relationship between the oxygen concentration and tiie expulsion factor of 
when the protrusion is In^adiated with ultraviolet rays having a wavelength of not longer tiian 200 mn with a dosage of 
1000 mJ/cm2. Irilaii environment where the oxygen concentration is low. ozone is not generated in sufficient amounts 
and the improvement Is acconrplished littia It Is therefore desired that the protmsion is Irradiated witfi ultraviolet rays 
having a wavelength off not longer than 200 nm In an environment in which an oxygen concentration Is not lower than 
20% witfi a dosage of not smaller ttian 1000 mJ/cm^. 

As an apparatus for generating ultraviolet rays having a wavelength off not longer than 200 nm, there can be used 
a low-pressure mercury lamp in addition to the above-mentioned excimer U V irradiation apparatus. 

In ttie above-mentioned processing, ttie substrate was washed and dried after inadiated with ultraviolet rays. How- 
ever, ttie substrate nnay be irradiated with ultraviolet rays after it has been washed and dried. In this case, since the pro- 
tmsion is inradiated with ultraviolet rays just prior to printing an alignment film thereon, wetlabilfty is not inpaired by 
being left to stand after it is irracfiated or by washing. 

Repellence on the protrusion can be drastically improved iff a silane coupling agent, an alignment film solvent, etc. 
are applied before the alignment film Is applied, and then the alignment film is formed. More concretely, ttie substrate 
is bai<ed (annealed) and the shape of the protmsion is turned into the semicylindrical shape as shown In Fig. 146. After 
this substrate is washed, hexamettiyldisilane (HMDS) is applied by using a spinner. A vertical orientation material is 
applied to the substrate by using a printing press. In ttiis way. ttie vertical alignment fflm is satisfactorily formed on the 
surface of the protrusion. Incidentally. N-metfiylpyrrdidone (NMP) may be applied in place of HMDS. Furtiier. printing 
of ttie vertical alignment film may be carried but in a sealed NMP atmosphere and in this case. too. ttie vertical align- 
ment film can be formed satisfactorily on ttie surface of the protrusion. Various solvents are available as the solvent to 
be applied before tfie formation of ttie vertical alignment film, and gamma-butyrolactone. methyl cellosolve. etc. as ttie 
solvent of the alignment film can be used, for exarrple. 

Figs. 1 52A to 1 52C are explanatory views useful for explaining an example of ttie production metfxxf of the protru- 
sion in the 39tti embodiment, and represents an example wherein tiie protrusion is formed by a material dispersing 
therein fine particles (particulates) (exanple off ttie CF substrate side). As shown In Fig. 1 52A a positive type photosen- 
sitive resin (reslsQ 355 containing 5 to 20% off fine alumina particles having a grain size of not greater than 0.5 Mm In 
mixture Is applied onto the electrode 12. The resist 355 Is exposed and developed by using a photomask 356 which 
shades ttie protmsion portion, as showm \n Fig. 152B. After baking is carried out. a protmsion 20A shown in Rg. 1 52C 
can be obtained. The fine alumina particles 357 protrude from ttie surface of this protmsion 20A and fall off from ttie 
surface to form holes. In ottier words, fine concave-convexities are formed on tiie surface of ttie protrusion 20A. For ttiis 
reason, wettability can be improved when ttie vertical alignment film is applied. 

To increase the number of concave-convexities on the surface of ttie protrusion in ttie embodiment described 
above, ttie proportion of the fine alumina particles to be mixed witti ttie resist must be increased. When ttie proportion 
off ttie fine alumina particles exceeds 20%, however, the photosensitivity of tiie resist drops and patteming can not be 
carried out by exposura Figs. 153A to 153C show a metfiod of manufacturing ttie protmsion when ttie number of ttie 
concave-convexities on the surface off the protmsion must be increased. 

A noniahotosensltive resin containing a great proportion of fine alumina particles 357 having a grain size of not 
greater than 0.5 pm is applied onto ttie electrode 12 as shown in Rg. 153A. Further, as shown in Rg. 153B. a resist is 
applied to the surface of ttie resin, and exposure and development are canied out by using a photomask 358 shading 
the protrusion portion. Because ttie resist remains at only ttie portions con-esponding to ttie photomask 358, ttie non- 
photosensitive resin at portions ottier ttian ttie protrusion portion is removed by etching. When baking is carried out fur- 
ther, tfie protrusfon 20A can be obtained as shown in Rg. 153C. The concave-convexities are formed simflarly on ttie 
surface of the protrusion 20A but because the proportion off tiie ffine alumina partides 357 mixed is great, a farge 
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number of concave-convexities are formed, and wettability can be much more improved than in the embodiment shown 
in Fig. 154 when the vertical alignment film is applied. 

Figs. 154A and 154B show another manufacturing method of the concave-convexities on the surface of the protru- 
sion by the fine particles. In this example, after the resist 360 Is applied to the surface of the electrode 12. the fine alu- 
mina particles 351 are sprayed and allowed to adhere to the surface of the resist 360. followed then by pre-baking. 
Thereafter, the protrusion is patterned in the same way as in the prior an. and the protrusion 20A shown In Rg. 154B 
can be obtained. When this protrusion 20A is washed, the fine alumina particles 361 exist on the surfece of the protru- 
sion 20A and fall off from the surface to def vie the holes. In consequence, the concave-convexities are formed. 

Rgs. 155A and 155B are explanatory views useful for explaining an example of the manufacturing method of the 
protrusion in the 39th embodiment. arxJ represents the exarrple wherein a protrusion material is foamed to form the 
concave-convexities on the surface of the protrusion. The resist for forming the protrusion 20 is first dissolved in a sol- 
vent such as PQMEA (Propylene 3ycol MonoMethyl Ether Acetate), for example, is applied by a spinner and is then 
pre-baked (pre-cured) at 60°C. Under this state, large quantities of the solvent remain inside the resist Patterning is 
then carried out k>y exposure and development by using a mask. 

According to the embodiments as described above, as shown in Rg. 156 with a broken line, the temperature is 
gradually raised inside a clean oven up to 2Q0*C in the course of 1 0 minutes, is held at this temperature for longer than 
75 minutes and is gradually returned to the normal temperature In the course of 10 minutes. In contrast, accoiding to 
this embodiment, as'sfiown in Rg. 156 with a continuous line, the substrate Is placed on a hot plate at 200*'C and is 
■ i«;^«6nyi iwi iiuiiuivo. r^i iiiio uiiic, cojKJtAi %jtto iiaituio ufiio la I it3ut3s>s»cu y lu ic&j%»e irio suusiraie lempefauire to ifuu^V/. 
Thereafter, the substrate is left standing for cooling for 10 minutes to the normal temperature. When quick heating is 
canied out in this way. the solvent inside the resist is bumped and bubbles 362 are formed inside the resist as shown 
in Rg. 1 55A. The bubbles 362 are emitted outside from the surface of the protrusion 20 as shown in Rg. 155B. At this 
time, the traces 363 of the btft}bles are left on the surface of the protrusion, fonrang theret>y the concave-convexities. 

Inckientally. when the resist dissolved in the solvent is stirred before the appfication and the bubbles are introduced 
into the resist foaming is more Gkely to occur than when the resist is quickly heated. Stirring may be can-ied out while 
a nitrogen gas or a cartx>nic acid gas is being introduced. According to this method, the bubbles of the gas are intro- 
duced Into the resist and a part of the gas is dissolved in the solvent, so that formability at the time of heating increases. 
Water of crystallization which enrtits water at about 120 to about 200'C or a clathrate compound which emits a guest 
solvent may be mixed with the resist, too. Water is emitted from water of crystallization and changes to a steam or the 
guest solvent is emitted at the time of heating, and foaming is more lil<ely to occur. A solvent or a silica gel adsorbing a 
gas may be mixed with the resist The adsorbed solvent or the gas is emitted from the silica gel at the time of heating 
and consequently, foaming is more likely to occur. Incidentally, the solid material to be mixed must be smaller than the 
height of the protrusion and its width, and must be pulverized in advance to such a siza 

The fine pores are formed in the protrusion in the 37th errbodiment whereas the grooves are disposed in the pro- 
trusion in the 38th emk>odiment, and according to such structures, the vertical alignment film can be formed more easily 
on the surface of the protrusion. Rgs. 157A to 1 57C show another method of forming the protrusion having the grooves 
such as those of the 38th embodiment 

As shown in Rg. 157A, the protrusions 365 and 366 are formed adjacent to one another by using a photoresist 
which is used for fomiing a micro-lens. The patterning shape of this micro-lens can be changed depending on the light 
reflection intensity, the tsaldng temperature, the composition, and so forth, arxi when the suitable baking condition is set, 
the protrusion collapses and changes to the shape shown Rg. 1 57B. When the vertical alignment film 22 is applied to 
this shape, as shown in Fig. 157C. the vertical alignment film 22 can be formed satisfactorily because the center of the 
protrusion 20 is recessed. After the material described above is applied to a thickness of 1.5 pm. the protrusions 365 
and 266 are patterned to a width of 3 )im and a gap of 1 iim between the protrusions. The film is then leaked at 1 BO^'C 
for 10 to 30 minutes. As a result two protrusions are fused to each other to form the shape shown in Fig. 157B. A 
desired shape can be obtained by controlling the taking time. The protrusions 365 and 266 can be fused to one another 
when the height is from 0.5 to 5 nm, the width is from 2 to 1 0 ^lm and the gap is within the range of 0.5 to 5 jim. When 
the height of the protrusions is greater than 5 ^im. this height affects the cell thickness (thickness of the liquid crystal 
layer) and impedes injection of the liquid crystal. When the width of the protrusion is smaller than 2 ^m, on the other 
harxi, the orientation limiting force of the protrusion drops. Furthermore, when the gap between the protrusions 
exceeds 5 \im, the two protrusions cannot be fiised easily and when it is smaller than 0.5 ^m, the depression can not 
be formed at the center. 

In the foregoing was descrbed the treatment for improving wattability of the protrusion relative to the material of the 
alignment film according to the 39lh emt>odiment. Here, the protruston may have any pattern and may not be of the 
shape of a dome in cross section. Moreover, the material forming the protrusion is not limited to the photoresist but may 
be of any material provided it is capable of forming a protrusion in a desired shape. By taking into consideration the 
chemical or physical formation of ruggedness in a subsequent process, however, it is desired to use a material which 
is soft, is not easily peeled off and can be subjected to the ashing. The materials satisfying these conditions will be pho- 
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toresist black matrix resin, colored fitter resin, overcoating resin.and polyimide resin. These organic materials make it 
possible to improve (treat) the surfaces through the ashing or UV in-adiation. 

According to the 39th embodiment as described above, wettability of the surface of the protrusion is improved for 
the material of the alignment film, making it possible to prevent a trouble In that the alignment film is not formed on the 
surface of the protrusion, the quality of display is improved and the yield is improved. 

In the past, a so-called Wack matrix is placed on the perimeter of each pixel In order to prevent deterioration of con- 
trast deriving from leakage of light passing through a region between pixels. Fig. 1 58 is a diagram showing the structure 
of a panel of a prior art provided with black matrices. As illustrated, a red filter 39R. green filter 39G, and blue filter 39B 
that coincide with red. green, and blue pixels are formed on a color filter (CF) substrate 1 6. and ITO electrodes 12 are 
formed on the CF substrate. Furthermore, black matrices 34 are formed on the borders among the red, green, and blue 
pixels. Data bus lines and gate bus lines or TFT devices 33 are formed together with ITO electrodes 13 on a TFT sub- 
strate 17. A liquid-crystal layer 3 is interposed between the two substrates 16 and 17. 

Rg. 159 is a diagram showing the structure of a panel of the 40th embodiment of the present inventton, and Rg. 
1 60 is a diagram showing a pattern of protrusions over pixels in the 40th embodiment. As illustrated, the red filter 39R, 
green fitter 39G. and blue filter 39B are Ibrmed on the CF substrate 16. As shown in Fig. 160. the protrusions 20 A for 
controlling alignment, which are included In the liqukJ crystal panel of the first embodiment, are formed on the CF sub- 
strate 16, though they are not shown in Fig. 159. The protrusions 20 A are made of a light-interceptive material. Protru- 
sions 61 are forrrteS on the perimeters of pixels. The protrusions 61 are also made of a light-interceptive material and 
function as black matrices. The necessity of forming the black matrices 34 like In the prior art is obviated. The protru- 
sions 61 functioning as Uack matrices can be formed concurrently with the protrustons 20A. Using this process of man- 
ufacturing, the step of creating black matrfces in the course of creating the CF substrate 16 can be omttted. Reference 
numeral 62 denotes a TFT In each pixel. The protrusions 61 are designed to intercept light from the TFTa 

In Rg. 159. the protrusions 20A and 61 are formed on the CF sufctstrate 16. Atternatively. the protrusions 61 or 20A 
or both of them may be fonned on the TFT substrate 1 7. Owing to this structure, a mismatch between the CF sii)strate 
16 arxJ TFT siiDStrate 17 occun-ing during bonding need not be taken into account. Consequently, the numerical aper- 
ture of the panel and the yieW of a bonding step can be improved outstandingly. Assuming that the CF sukjstrate 16 is 
provided with black matrices, when the ITO electrodes 13 on the TFT substrate 17 and open portions (portions wtthout 
the black matrices) of the CF substrate 1 6 are designed to be mutually kJentical, if a bonding mismatch occurred In the 
process of manufacturing the panel, the mismatch region would cause light leakage. This disables normal display. Qen- 
eiaBy, even if a high-precision bonding machine is employed, a matching en^r of about ± 5 micrometers (^m) is present. 
A corresponding margin must therefbre be preserved. In conskJeration of the margin, an aperture for each black matrix 
is designed to be smaller. Thus, the above problem Is coped with. That is to say, each black matrix is designed to invade 
into an ITO electrode 13 formed on the TFT substrate 17 by about 5 to 10 micrometers. When the protrusions 61 are 
formed on .the TIT substrate 17, the panel is free from the adverse effect of the bonding mismatch. Consequently, the 
numerteal aperture can be maximized. This advantage becomes greater as each pixel of the panel gets smaller, that is, 
as a resolution improves. For example, in this embodiment a sufc>strate having ITO electrodes of pixels of which width 
is 80 micrometers and height is 240 micrometers is employed. In any of the conventional modes, since a margin of 5 
micrometers is needed, the width and length of the aperture become 70 micrometers and 230 nvcrometers respectively, 
and the area of an aperture lor each pixel becomes 16100 square micrometers. By contrast, In this embodiment, the 
area of the aperture for each pixel is 19200 square mterometers. The numerical aperture is {mprx>ved to be approxi- 
mately 1 .2 times larger than the one permitted the conventional moda For realizing a display that offers twice as high 
a resolution as the one provided by the panel, the wkJth and length of an electrode are 40 micrometers and 1 20 microm- 
eters respectively. In the conventional mode, the area of the aperture for each pixel is 3300 square micrometers. In this 
embodiment, the area of the aperture for each pixel is 4800 square micrometers and thus improved to be approximately 
1.5 times higher tfian the one permitted by the conventional mode. Thus, the higher the resolution is, the greater the 
advantage is. 

Rg- 161 is a diagram showing a pattern of a black matrix (BM) according to a 41th embodinnent. It was described 
above that light leaks at the domain regulating means. A minute domain having an orientation angle 90* different 
located at about the top of the prolruston can be used as described above. The light leaks, however, unless a stable 
oriemalkwi can be secured at about the top of the pnotrusfon. For the contrast to be nrproved, therefore, ttie domain 
regulating means is preferably masked. One method of masking the protrusion is to form the protrusion of a light-shield- 
ing material. Accordhig to the 41tii embodiment, however, the domain regulating means is masked by use of a black 
matrix (BM). 

As described above, tiie BM 34 Is used for shielding the leakage light at the TFT and the boundary between the 
cell electrode and the bus line. The 41th embodiment, however, uses the BM also at the domain regulating means. Con- 
sequently, the leakage light at the tiie domain regulating means can be masked for an improved contrast. 

Rg. 162 is a sectional view of a panel according to a 41st embodiment. As shown, the BMs 34 are arranged at posi- 
tions con^espondlng to tiie protrusions 20A, 20B, the TFT 33, and tfie interval between the bus lines (only tfie gate bus 
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line 31 is shown) and the cell electrodes 13. ... 

Fig. 163 shows a pixel pattern according to a 42nd emtx)diment. Conventionally; a delta an-angement is known, in 
which the display pixels, which are substantially square in shape, are arranged in adjacent columns one half of a pitch 
displaced from each other. In a color liquid crystal display device, a set of color pixels is configured of three adjacent 

5 pixels of 13B. 1 3G, 1 3K Each pixel is ainx)st square in shape, and as compared with a 1 -to-3 rectangle, an equal pro- 
portion of liquid crystalline molecules can be easily secured in each direction of division without reducing the protrusion 
interval considerably. In such a case, the data bus line is extereied in zigzag along the perimetric edge of the pixel. In 
this way, the delta arrangement is very effective in the case where a protrusion arrangement or a depression arrange- 
ment Is continuously formed over the entire substrate surfeice for orientation division. 

10 The 43rd embodiment to be descrbed next is an embodimeni using the protrusions for controlling alignment or the 
protrusions 61 serving as black matrices in the 40th embodiment as spacers. As also shown in Fig. 19. spacers are 
used to retain the distance (gap) between two substrates (thickness of cells) at a predetermined value. Fig. 164 is a dia- 
gram showing the structure of a panel of a prior art. wherein spacers 45 are placed on borders between pixels and 
define the thickness of cells. The spacers 45 are, for example, spheres having a predetenmined diameter. 

IS Figs. 1 65A and 1 65B are diagrams showing the structure of a panel of the 43rd embodiment Fig. 1 65A shows the 
structure of the panel of the 43rd embodiment, and Rg. 1 65B shows a nrKxJif ication. As shown in Rg. 165A. In the panel 
of the 43rd embodiment, protrusions 64 formed on the perimeters of pixels are made as thick as cells, and thus define 
the thickness of cell£ fh the drawing, the protrusions 64 are formed on the TFT substrate 17. Alternatively, the protru- 
sions 64 may be formed on the CF substrate 16. This structure otiviates the necessity of including spacers. No liquid 

20 crystal is present at the positions of the protrusions 64. For a vertically-aligned panel or the like, the positions of protru- 
sions (cell holder areas) of the panel appear in biadk all the time irrespective of an applied voltage. The black matrices 
are therefore unnecessary, and the protrusions 64 need not be made of a light-interceptive material but can be made 
of a transparent material. 

In the 43rd embodiment shown in Rg. 165A. the protrusions 64 define the thickness of cells. TTie precision in thick- 
ness of cells is dominated by the precision in forming the protrusions, and is therefore poorer than that permitted when 
the spacers are used. A panel having the structure of the sixteenth embodiment was actually produced. As a result, a 
level of uncertainty In thickness of cells can be controlled within ±0.1 micrometers. This level would not pose any par- 
ticular problem in practice. However, this structure Is unsuitable when the thickness of cells must be controlled strictly. 
The modification shown In Rg. 167B is a structure intended to solve this problem. In the modification shown in Fig. 

30 1 67B. the spacers 45 are mixed in a resin to be made into the protrusions 65. and the resin is applied to the substrate. 
The substrate is then patterned in order to form the protrusions. In this modification, the merit of the 43rd embodiment 
that the spacers are unnecessary s lost but there is a merit that the thickness of cells can be defined irrespective to 
the precision in drawing a pattern of protrusions. A panel having the structure shown in Rg. 167B was produced actu- 
ally. The thickness of cells could be defined so precisely that an error falls within ± 0.05 micrometers. Nevertheless, the 

35 spacers are still needed. However, since the spacers are mixed In a resin, the spacers are anranged while the resin is 
being applied. This obviates the necessity of scattering the spacers at a panel production step. The number of steps 
included in the process does not increase. 

Figs. 166A and 166B are diagrams showing another modifications of the 43rd embodiment. Rg. 166A shows a 
structure in which the protrusions 64 of the 43rd embodiment are replaced with protrusions 81 made of a light-intercep- 

40 bVe material, and Fig. 166B shows a structure in which the protrusions 65 shown in Fig. 165B are replaced with protru- 
sions 82 made of a light-interceptive material. As mentioned above, in Rgs. 165A and 165B, the protrusions 64 and 65 
may be made of a transparent material. The protrusions can still fill the role of black matrices. However, when the pro- 
trusions are made of the light-interceptive material, perfect light interception can be achieved. 

Rg. 167 is a diagram showing a modification of the 43rd embodiment. Protrusions 83 are formed on ihe CF sub- 
strate 16 and protrusions 84 are formed on the TFT substrate 17. The protrusions 83 and 84 are brougiit into contact 
with each other, thus defining the thickness of cells. An effect exerted is the same as the one exerted by the 43rd 
embodiment and its modification. 

In the 43rd embodiment and its modification, protrusions tying on the perimeters of pixels are used to define the 
thickness of cells. Protrusions for controlling alignment for example, the protrusions 20A shown in Fig. 160 may be 

so used to define the thickness of cells. 

Furthermore, in the 40th embodiment. 43rd embodiment, and modifications of the 43rd embodiment protmsions 
are formed all over the perimeters of pixels. Altematively. the protrusions may be formed on parts of the perimeters of 
the pixels. For example, the protrusions 61 . 64 and 81 to 84 in the 43rd embodiment and its modification may be made 
of a light-interceptive material and formed along one sides of only TFT portions of pixels, tfiat is. portions 62 shown in 

55 Rg. 59. As mentioned above, as far as a so-called normally black-mode panel that, like a vertically-aligned (VA) panel, 
appears in black when no voltage is applied to ITO electrodes is concerned, even if the black matrk;es are excluded, 
light leakage hardly poses a problem. In this embodiment, therefore, only the TFT portions of pixels are coated with a 
light-interceptive resin but the drain bus lines and gate bus tines sunrounding the pixels are not coated therewith. As 
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mentioned above, as the number of Hghl-interceptive regions decreases, the numerical aperture improves accordingly. 
This is advantageous. The structure in which protrusions are formed along only the TFT portions can be adapted to the 
43rd embodiment and its modifications shown in Figs. 1 65A to 1 69. 

In the 43rd embodiment, the black matrix is provided with the function of the spacer biA according to the prior art, 
spherical spacers having a diameter equal 1o the cell thickness are sprayed on one of the substrates having the vertical 
alignment film fbnuied thereon and then the other substrate is bonded. When the protrusion is formed on the electrode, 
however, a part of the spacers so sprayed is positioned on the protrusion, if the diameter of the spacers is equal to the 
cell thickness in the case where no protrusion is formed, the cell thickness becomes greater than the desired thickness 
due to the existence of the spacer on the protrusion. Further, when any force is applied from outside to the panel that 
is once assembled and the spacers move on the protrusion, the cell thickness becomes greater at that portion and the 
problem of non-uniform display develops. The forty-fourth embodiment to be next esqslained is directed to solve this 
problem by decreasing the diameter of the spacers in consideration of the thickness of the protrusion. 

Rgs. 1 68A to 1 68C show the panel structure of the 44th en^odiment Fig. 1 68A shows the TFT substrate 1 7 before 
assembly, Fig. 168B shows the CF substrate 16 before assembly and Rg. 168C shows the assembled state. As shown 
In Figs. 168A and 1688, the protrusion 20 A is formed on the electrode 12 of the CF substrate 16 and the vertical align- 
ment film 22 Is further formed. The protrusion 20B is Ibnned on the electrode 1 3 of the TFT substrate 1 7 and the vertical 
alignment film 22 Is before assembly and further formed. The protrusions 20A and 20B have the same height of 1 urn 
and are assembled so that they do not cross mutually when viewed from the panel surface. The cell thickness is 4 
micrometers Oim), and the diameter of the spacer 85 made of a piastic material fe 3 jim which is the balance obtained 
by subtracting the height of the protrusion from the cell 163 A thickness. As shown In Rg. 168A, 150 to 300 pcs/mrn^ of 
spacers 85 are sprayed (sprinkled) on the TFT substrate 17. A seal is fbniied from a bonding resin on the CF substrate 
1 6 and the CF substrate 16 ie bonded to the TFT substrate 1 7. The spacers 85 are positioned on the protrusions 208 
or below the protrusions 20A at a certain probabHity as shown in Rg. 168C. This probability con-osponds to the propor- 
tion of the areas of the protrusions 20A arxf 208 to the entire area. Under the state shown in Fig. 168C. the cell thick- 
ness is limited by the spacers positioned on the protrusions 208 or below the protrusions A and the thickness of the 
protrusions. The spacers 45 existing at portions other than ttie protrusions 20A and 208 aref toating spacers that do not 
affect the cell thickness. Since ttie cell thickness is limited by the protrusions 20A and 208. the cell thickness hardly 
exceeds the desired value. Even when the spacers at portions other than the portions of the protrusions move to the 
protrusion portions during the use of ttie panel, the ceU thickness does not become thIcK and even when the spacers 
existing at ihe protruston portions move to the portions other than the protrusion portions, they change to only the float- 
ing spacers. 

Rg. 169 is a graph showing the relationship between the scattered (sprinkle) density of the spacers and the cell 
thickness.. When the scattered density of the spacers Is 100 to 500 pcs/nvn^ the ceU thickness falls within the range of 
4 )im ± 0.5 iim. 

Next. Rg. 172 shows tiie experimental result of variance of the ceil thickness that occurs when a force is applied 
from outside to tiie panel, and ttie scattered density of the spacers. It can be appreciated from this result tiiat when the 
scattered density is lower ttian 150 pcsAnm^, variance is likely to occur again t the force applied, and when the scat- 
tered density exceeds 300 pcs/mm^, variance is likely to occur against the tensile force. Therefore, ttie optimum scat- 
tered density is 150 to 300 pcs/mm^. 

In ttie manufacturing process of the liquid crystal display panel, Ionic Impurities are sometimes entrapped and ions 
contained In the liquid crystal and kuis eluting from the alignment film, ttie prottusion fonming material, the seal material, 
etc. mix in the liquid crystal panel In some cases. When the Ions mix Into the liquid crystal panel, the spedfic resistance 
off tfie panel drops, so ttiat the effective voltage applied to ttie panel drops, too. thereby resulting In burn of the display 
and In ttie drop of the voltage retention ratia In this way. mixing of ttie ions into the panel lowers display performance 
and reliability of the liquid crystal panel. 

For ttiese reasons, ttie ion adsorption capadty is preferably provided to ttie dielectric protrusion formed on the elec- 
trode, used as the domain regulating means in ttie embodiments described above. There are two methods of providing 
the ion adsorption capacity to ttie protrusion. The first mettiod irradiates ttie ultra-violet rays and the second adds a 
material having ttie ion adsorption capacity to ttie material of ttie protrusloa 

Surface energy off the protrusion forming material rises when the ultra-violet rays are inadiated to the material. Con- 
sequentiy. ttie ton adsorption capacity can be improved. The surface energy y can be expressed by ttie sum of ttie polar- 
ity tenn tp off the surface energy and Its scatter temi yd. The polarity term is based on ttie Coulomb electrostatic force 
and the scatter term, on the scatter force among the van der Waals force. When the ultra-violet rays are inadiated, 
bonding at portions having a low bonding energy is cut off, and oxygen in air combines with the cut portions. Accord- 
ingly, ttie polarizability of the surface Increases, the polarity term becomes great and the surface energy increases. 
When the degree of polarization increases, the ions become more likely to be adsoibed to the surface. In ottier words, 
the surface of ttie protrusion comes to possess ttie ion adsorption capacity when ttie ultra-violet rays are irradiated. It 
is prefened to selectively irradiate ttie uHra-violet rays to only the protrusions when irradiating the ultra-violet rays, but 
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because the bonds of the protrusion fornning material are more likely to be cut off than the bonds on the surface of the 
substrates, only the protrusions come to possess the ion adsorption capacity even when the ultra-violet rays are irradi- 
ated to the entire surface of the panel. The vertical alignment film is formed after the ultra-violet rays are irradiated. 

An ion exchange resin, a chelating agent, a silane coupling agent, a silica gel. alumina, zeolite, etc. are known as 
the nreterials having the ion adsorption capacity. Among them, the ion exchange resin exchanges the ions, and supple- 
ments the ions that have existed as impurities from the beginning. Instead, it discharges other ions and for these rea- 
sons, it is not suitable for the protrusion forming material. Among the materials having the ion supplementing capacity, 
some materials exist which have the ion supplementing capacity without emitting the substituent ions, and such mate- 
rials are preferably used. Examples of such materials are crown ether having the chemical formula shown in Figs. 1 71 A 
and 171B and kryptand having the chemical formula shown in Figs. 172A arxJ 172B. Further, irwrganic materials such 
as alumina and zeolite have the capacity of supplementing ions without emitting ions. Therefore, these materials are 
used. Inddentally. since the kinds of the ions adsorbed by one ion adsorption material are limited, materials adsorbing 
different ions are preferably used in combination. 

A protrusion line having a width of 7.5 ^m, a height of 1 .5 ^ni and a gap of 1 5 pm between tfie protrusions is formed 
from a positive type resist and is subjected to the treatment for imparting the various ion adsorption capacity described 
above so as to manufacture the panels. Fig. 250 shows the result of measurement of the initial ion density and the Ion 
density (unit: pc) after the use for 200 hours of the panel so manufactured. In Fig. 250, ultra-violet rays of 1 ,500 mJ are 
inradiated in Example C, 0.5 wt% of crown ether is added in Example D, zeolite is added in Example E. and crown ether 
and zeolite a^e added in E)eimp!e F. For reference, the case where the treatment for imparting the ion acfeorpoon capac- 
ity is not carried out is represented as Comparative Exairpte. A 10 V triangular wave having a frequency of 0.1 Hz is 
applied at tiie time of use; and the temperature at the time of mecisurement is 50°C. It can be appreciated from the 
result that the initial value of the ion density remains at substantially the same level regardless of the ion adsorption 
capadty treatment. However, the Ion density after 200 hours drastically increases when this treatment is not carried out, 
but when the treatment is canried out, the increase remains small. 

When the sample to which the ultra-violet rays are inradiated and the sample which is not at alt treated are sub- 
jected to the practical running test bum occurs in the un-treated sample but does not occur in the sample subjected to 
the ultra-violet irradiation. 

In the 40th embodiment the structure in which a pattern of protrusions is drawn on the CF substrate 1 6 using black 
matrices has been disclosed. The structure will be described below. 

As mentioned above. If a pattern of protrusions can be drawn on the CF substrate 16 in the conventional manufac- 
turing process, since a new step need not be added, an increase in cost deriving from drawing of a pattern of protrusion 
can be minimized. The seventeenth embodiment is an embodiment in wfiich a pattern of protrusions are drawn on the 
CF substrate 16 by utilizing the conventional manufacturing process. 

Figs. 173 A and 173B are diagrams showing the structure of the CF sutistrate of tiie 45th embodiment As shown 
in Fig. 173 A. in the 45th embodiment the color filter (CF) resins 39R and 39G (and 398) are applied pixel by pixel to 
the CF substrate 16. Black matrices or an appropriate material such as a CF resin or any other flattening resin is used 
to define a pattern of protrusions 50A by tracing predetennined positions. ITO (transparent) electrodes 12 are then 
formed on the pattern of protrusions. A material to be made into the black matricis is not restricted to ariy specific one. 
For forming protrusions, however, a certain thickness is needed. From this viewpoint the adoption of a resin is prefer- 
able. 

Fig. 173B is a diagram showing a modification of the CF substrate in the 45th embodiment. Black matrices or an 
appropriate material such as a CF resin or any other flattening resin is used to draw a pattern of protrusions 50B by 
tracing predetermined positions on the CF substrate 16. Thereafter, the CF resins 39R and 39Q are applied. Conse- 
quently, the CF resin defining the pattern of protrusions gets thicker. The pattern of protrusions can now provide protru- 
sions as it is. The ITO (transparent) electrodes 12 are then formed. 

According to the structure of the 45th embodiment protrusions can be formed at any positions on the CF substrate. 

Fig. 174 Is a diagram showing the structure of a panel of the 46th embodiment In the 46th embodiment, the pro- 
trusions 50 are formed on the perimeters of pixels on the CF substrate 16, that is, on seams between ttie CF resins 
39R. 39Q. and 39B or on seams relative to black matrices 34. On the TFT substrate 1 7, the protrusions 20B are formed 
at positions coinodent with intermediate positions between the seams. For forming continuous protrusions along one 
sides of the pixels opposed to tiie seams on the CF substrate 16, that is, for drawing a pattern of linear protrusions, a 
pattern of linear protrusions is drawn parallel to the pattern of protrusions by tracing positions near the centers of the 
pixels on the TFT substrate. Moreover, when continuous protrusions are formed along all sides of the seams between 
the pixels on the CF substrate 16, the pattern shown in Rgs. BOA to 81 is drawn. On the TFT substrate 17, pyramidal 
protrusions are formed near the centers of the pbcels. 

The structure of the panel of the 46th embodiment can be adapted to various forms. An example of the structure of 
the CF substrate of the 46th embodiment will be described below. 

Fig. 175A to 180B are diagrams showing examples of tiie structure of the CF substrate of the 46th embodiment. 
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Rg. 175A shows a structure in which the black matrix (BM) 34 is interposed between each pair of the CF resins 39R 
and 39Q. The black niatrices 34 are formed thicker than the CF resins, and the ITD electrodes 12 are formed on the 
black matrices 34. The black matrices 34 become protrusions. Even in this case, the black matrices 34 should prefera- 
bly be made of a resin or the like. 

In Fig. 1 75B. the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12. The CF res- 
ins 39R and 39G are applied to the black matrices, thus fbrming color ffllers. Thereafter, the CF resin 39 is applied in 
order to form protrusions 70. The IK) electrodes 12 are formed on the protrusions. 

In Fig. 176A. the thin black matrices made of a metal or the like are formed on the CF substrate 12. The CF resins 
39R and 39Q are applied to the substrate, thus forming color filters. A resin other than the CF resrn, for example, a resin 
used as a flattening material is used to form protrusions 71 without the use of the black matrices 34. The ITO electrodes 
12 are then fomied on the protrusions. In this case, like the structure shown in Fig. 175A. the flattening material is 
applied thicker than the CF resin. 

In Rg 1 768. a resin or the like is used to form the Uack matrices 34, of which thickness is the same as the thickness 
of protrusions, on the CF substrate 1 2. The CF resins 39R and 39Q are applied so that they will overlap the black matri- 
ces 34. thus forming color filters. Thereafter, the ITO electrodes 12 are fbnmed. The portions of the CF resins overlap- 
ping the black matrices 34 serve as protrusfons. 

In Rg. 1 77A, the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12, and the CF 
resin 39R is then-ajiplled to the substrate. Thereafter, the CF resin 39G is applied to overtap the CF resin 39R. and the 
TO electrodes 12 are then formed. Portions of the CF resin 39G overlapping the CF resin 39R serve as protrusions. At 
the positions of the protrusions, the black nratrices 34 are included for not allowing passage of light Either of the color 
filter resins may overiap the other color fitter resin. According to this structure, protrusions can be formed at the step of 
forming color fillers. The number of steps will therefore not increase. 

In Fig. 1778. a flattening material 71 is applied to overiap parts of the CF resins 39R and 39Q on the same sub- 
strate as the one shown in Rg. 176A. Portions of the flattening material 71 overiapping the CF resins serve as protru- 
sions. Owing to this structure, the flattening material 71 can be made as thin as the height of protrusions. 

The aforesaki structures are structures in whfch ITO electrodes are formed on protrusions and electrodes have the 
protrusions. Next, an example of a structure In whfch an insulating material is used to form protrusions on the ITO elec- 
trodes will be described. 

In Fig. 178. after color filters are formed on the CF substrate 16 by applying the CF resins 39R and 39G. the ITO 
electrodes 12 are formed. The black matrtees 34 are then placed In order to fomn protrusions. Even In this case, the 
number of steps win not increase. 

In Fig. 1 79A, after the thin black matrices 34 are fonmed on the CF substrate 1 6. the ITO electrodes 12 are formed. 
Color filters are then formed by applying the CF resins 39R and 39Q. At this lime, the CF resin 39Q is applied to overlap 
the CF resin 39R, thus forming protrusions. Even in this case, the number of steps will not increase. 

In Rg. 1 79B. after the thin black matrices 34 are formed on the CF substrate 1 6. color filters are formed by applying 
the CF resins 39R and 39Q. The ITO electrodes 12 are then formed. The flattening material 71 is then used to form 
protrusions. 

: In Rg. ^1 80A, after the ITO electrodes 12 are formed on the CF substrate 1 6. color filters are formed by applying the 
CF resins -39R and 39a The black matrices 34 are then placed on the color filters, thus forming protrusions. 

In Rg. 1 808, after the thin black matrices 34 are formed on the CF substmte 1 8. color filters are formed by applying 
the CF resins 39R and 39Q. A flattening material 72 Is used to flatten the surl&ce. The ITO electrodes 12 are then 
formed on the surface and the black matrices 34 are forther formed, whereby protrusions are realized. 

Rga 181 A to 181Q are diagrams illustrating the steps for producing the color filter (CF) substrate according to a 
47th ernbodlment. The CF substrate has a protrusion as a domain regulating means. 

Referring to Fig. 181 A, a glass substrate 16 is prepared. Then, as shown in Fig. 1818, a resin (resin 8. CB-7001. 
manufactured by Fuji Hanto Co.) 398' for negative-type flue filter is applied onto the glass substrate 16 maintaining a 
thickness of 1 .3 jim. Then, as shown in Fig. 1 81 C, the resin B is formed on the portions of the blue (B) pixel. BM portion 
and protrusion 20A by the photolithography method using a photomask 370 as showa Next referring to Rg. 181D, a 
resin (resin R, CR-7001 , manufactured by Fuji Hanto Co.) 39R* tor red filter is applied to form the resin R on the portions 
of the red (R) pixel, BM portion and protrusfon 20A by the photolithography method. Refening to Fig. 181E, a resin 
(resin G, CG-7001, manufactured by Fuji Hanto Co.) 39G' for green filter is applied to form the resin G on the portions 
of the green (G) pixel. BM portion and protrusion 20A by the photolrthography method. Through the above-mentioned 
steps, corresponding color filter (CF) layers are formed in one layer only on the pixel portions B. G and R. and the resins 
B. G and R are formed in three layers being superposed one upon the other on the BM portion and on the protrusion 
20A. The portions where the resins B, Q and R are superposed In three layers are black portions without almost per- 
rnitting the passage of light. 

Next, a transparent flattening resin (HP-1 009 manufactured by Hitachi Kasei Co.) is applied by a spin coater main- 
taining a thickness of about 1.5 jim. post-baked in an oven heated at 230*»C for one hour, and an ITO film is formed by 
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mask-sputtering. Referring next to Rg. 1 81 F. a black positive-type resist (CFPR-BKP manufactured by Tokyo Ohka Co.) 
is applied by the spin coater maintaining a thickness of about 1 .0 to 1 .5 pre-baked. and is exposed to ultraviolet rays 
having a wavelength of 365 nm in a dosage of 1000 mJ/cm^ from the back suilace of the glass substrate 16 through 
the CP resin. Ihe portions where the resins B, G and R are superposed in three layers permit ultraviolet rays to transmit 
through less than through other portions, and where a threshold value of exposure is not reached. When developed with 
an alkali developing solution, the BM portion 34 and the protrusion 20A are formed that were not exposed to light, and 
are post-baked in an oven heated at 230*0 for one hour. Moreover, a vertical alignment film 22 is formed to corralete 
the CP substrate. 

Fig. 182 is a sectional view of a liquid crystal panel completed by sticking the CF substrate 16 prepared as 
described above and a TFT substrate 17 together. In the TFT substrate 17. a slit 21 Is formed as a domain regulating 
means in the pixel electrode 13, and a vortical alignment film 22 is formed thereon. Reference numeral 40 denotes a 
gate protection film and a channel protection f flm. On the portions where tiie light must be shielded, the BM 34 and ttie 
resins of the three layers B. G and R are superposed one upon the other to favorably shield tiie light. The protrusion 
20A of the CF subst^te 1 6 and the slit 21 in the TFT substrate 1 7 divide tiie orientation of liquid crystals making it pos- 
sible to obtain good viewing angle characteristics and high operation speed. 

According to ttie 47th embodiment as described above, ttie protrusion 20A which is the domain regulating means 
and ttie BM 34 are fbrrned on the CF substrate wrthout the need of exposure to Ught through a pattern, but by patterning 
by exposure to light fnJm the back surface, making it possible to simplify tfie steps for forming the protrusion 20A and 
the BM 34, to lower the cost and to Increase the yield. 

In the 47th embodiment, the pigment scatter method is employed for forming the CF. This can be similarly adapted 
even to the dying mettiod and to the case where a non-photosensitive resist formed by dispersing a pigment In ttie poly- 
imlde is to be formed by etching. According to the 47tfi embodiment, the CF resins are superposed in three layers on 
the portions of the protrusion 20A and BM 34. These resins, however, may be superposed in two layers provided ttie 
wavelength of ttie Irradiation light and tiie inadiation energy are suitably selected at the time off exposure ttirough the 
back surfaca 

In the 47tti embodiment, ttie BM and the protrusion which is ttie domain regulating means are formed on the CF 
substrate wittioul pattemlng. However, ttie f iftti embodiment can be also adapted even to the case where ttie BM only 
is formed wittiout fonnlng protrusion, as a matter of course. A 48th embodiment deals wltti a case where ttie BM is 
formed but forming the protrusion by a method different from ttial of the 47tti embodiment. 

Figs. 183A and 183B are diagrams Illustrating a step of producing ttie CF substrate according to the 48tti embodi- 
ment, and Figs. 184A and 184B are diagrams illustrating a panel structure according to the 48tti embodiment 

In the 48th embodiment, no CF resin is superposed on a portion corresponding to ttie protrusion but the CF resin 
is superposed on a portion corresponding to ttie BM only to form a BM protrusion 381. Next wittiout effecting the flat- 
tening, an ITO film 12 is fomned as shown in Rg. 183A, and ttie above-mentioned black positive-type resist 380 Is 
applied Uiereon maintaining a predetermined ttiickness, tor example, about 2.0 um to 2,5 ^m. Then, ttie developing is 
effected by exposure to light from ttie back surface to obtain a panel having a BM resist 380 superposed on ttie BM pro- 
trusion 381 as shown in Fig. 183B. The BM 34 is constituted by botti ttie BM protrusion 381 and the BM resist 380. 

The CF substrate and ttie TFT substrate are stuck together to prepare a panel shown in Fig. 1 84A. Rg. 184B is a 
view illustrating, on an enlarged scale. A drcular portion of a dotted line of Fig. 184A. and in whfch ttie BM resist 380 is 
in contact wrth ttie TFT substrate 1 7. and tfie distance between ttie sutasti-ates is defined by botti ttie BM protrusion 381 
and the BM resist 380. That is. tfie BM protrusion 381 and tfie BM resist 380 work as a spacer. 

According to the 48tti embodiment as descrtoed above, there is no need to pattern ttie BM simplifying ttie steps, 
and the BM works as a spacer eliminating the need of providing tfie spacer. In the 48tti embodiment, ttie positive-type 
resist was used to form ttie BM by exposure to light through ttie back surface wittiout effecting the patterning. However, 
either ttie negative-type resist or tfie positive-type resist can be used provWed it can be patterned by the photolitfiogra- 
phy mettiod. The resist which is not of a black color can be used for forming protrusion which works as a domain regu- 
lating means, or can be used as a spacer in compliance witti ttie 47tti embodiment. 

Next, described below is a case where the protrusfon 341 on which ttie CF resin is superposed in the 48tti embod- 
iment, is directly used as the BM. 

Figs. 185 A to 185C are diagrams for illustrating the steps for producing ttie CF suljstrate according to a 49tti 
embodiment, and Rg. 186 is a diagram illustrating a panel structure according to tfie 49th en^xxtiment 

Refen-ing to Rg. 185A. ttie CF resin is superposed in tfiree layers on the BM to form a protixslon 381 which permits 
light to pass through very littfe. Referring next to Rg. 185B, the above-mentioned transparent flattening resin is applied 
by a spin coater maintaining a ttiickness of about 1.5 pm, post-baked at 230«C for one hour and. ttien. an ITO film 12 
Is formed. Then, in Fig. 185C. a positive-type resist (SC-181 1 manufactured by Shipley Far East Co.) is applied main- 
taining a ttiickness of about 1 .0 to 1.5 |im), pre-baked. and a protrusion 20A Is formed by ttie photolittiography mettiod. 
The proti^on 381 formed by superposing the CF resins B, Q and R In ttiree layers does not almost permit light to pass 
ttvough and works as tfie BM. The thus completed CF substrate 16 and ttie TFT substrate 17 are stock togetfier via a 
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spacer 45 to obtains panel as shown in Fig. 186. 

Th« ^r*^""^ "ave dealt with the cases v/here the BM was formed 1^ superposing the CF resins 

Sn.iS.2Ss If^o negative-type liquid crystafs. is noS^l^ bbcK 

F^,^7J^T^T nT^"^ P"""* '"^"^'^ »° 50th embodiment " 

form2^!Z^,r'- 1^* '^"^ ° t^"-7001 . CQ-7001 . maniilactured by Fuji Hanto Co ) of two colors are 
STf «olSSS! '"S*^'' n«9a«ve-tyPe PholosensitVe resin B ( Jtooi man^r^^^Sma"; 

TFTrSe":!jj,e^S5;;^brshi2u^ 

dotted fine of Rg IMA^ ^Zn 7hL,h « • ^ 'Ihislrating. on an enlarged scale, a circular portion of a 

TO fflm 12 anH Li^ ^ Composed of chromium and is electrically conducting, has a large contact area relative to the 
ard SlLw^irS^r' '^^^ '^'^^''^ °' "'^ ™ 12 over the whde substrate The TO fiEiVl 

Fig TSv.\i;L'^t;i's«T**'"^T'!ii^**""^*^^ In 
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383. the light-shielding portion exhibits a decreased reflection factor, and light falling on the liquid crystal display device 
from the outer side is less reflected. Furthermore, when a colored resin having a small transmission factor is used as 
the resin 384 or 39B under the light-shielding film 383, the light-shielding portion exhibits a decreased transmission fac- 
tor, enabling the contrast of the liquid crystal display device to be enhanced. 

In the structure of Fig. 190B. furthernxjre, the CF resin 34B is formed requiring no patterning. Therefore, there is 
no need to use an exposure apparatus which is capable of effecting the patterning and is expensive correspondingly, 
and the investment for the fadiittes can be decreased and the cost can be decreased, too. 

Fig. 191 is a diagram illustrating a modified example of the 51st embodiment Spacer for controlling the thickness 
of the liquid crystal layer are mixed in advance in the resist that Is to be appGed onto the light-shieldtng film. After the 
resist is patterned, therefore, the spacers 45 are formed on the light-shielding film that is fomied in any shapa This elim- 
inates the step for dispersing the spacers. 

Fig. 192 is a diagram illustrating a CF substrate according to a 52rd embodiment. According to this enribodiment, a 
chromium fBm is formed on the ITO film 12 and a resist is applied thereon. At the time when the light-shielding film 383 
is to be pattemed and exposed to light, the protrusion that works as a domain regulating means is patterned simulta- 
neously therewith. After developing and etching, the resist Is not peeled off but is allowed to stay. Thus, an insulating 
protrusion 367 that works as a domain regulating means is formed on the CF siJsstrate 16. By using such a CF sub- 
strate, there is realized a panel of a structure shown In Rg. 193. 

As desatbed in ftife 47th embodiment. CF films are formed on a CF substrate, the CF substrate Is coated with flat- 
ting resin such as acrylic resin so thai the surface of the substrate becomes fiat, and an electrode of an ITO film is 
formed thereon. In some cases, the surface flatting step is omitted in order to simplify the process. The CF siisstrate to 
which the surface flatting step is not performed is called a CF substrate with no top-coat The CF substrate with no top- 
coat has grooves formed between respective CF films. The ITO film is formed with a sputtering process. When the ITO 
film is formed is formed on the CF substrate with no top-coat, it occurs a problem that the ITO layer is rigid on flat sur- 
faces but it is coarse at the ^oves because the sputtering process has anisotropy. 

Therefore, when material of vertical alignment film Is coated or printed, solvent included in tiie material tnfltrates 
into the CF films through the grooves after tiie coating or printing to a procuring process. The infiltrated solvent remains 
inside the CF layers after the procuring process is completed. The solvent remained inside the CF films generates cra- 
ters on the surfaces of the vertical alignment film. The craters cause display unevennesses. According to the 51th 
embodiment, the light-shielding fBm provided at the grooves can prevents the infiltration of solvent In a 52th embodi- 
ment, resin provided at the grooves between respective CF films are used as protrusions. 

Figs. 251 A to 251 D are diagrams showing a production process of a CF substrate of the 52th embodiment. Fig. 
251 A shows a CF substrate with no top-coat The CF films 39R. 39G and 39B are formed, the light-shielding films 34 
are formed under the boundaries of the respective CF films, and the ITO f Om is formed the CF f Bms. As shown In Rg. 
251 B, a positive resist is coated. As shown in Rg. 251 C. tfie positive resist Is irradiated wttii ultraviolet light from a sur- 
face of the glass substrate, and it is developed. Then, protrusions 390 are formed at positions corresponding to the 
light-shielding films 34. The protrusions 390 prevent the infiltration of solvent Further, the protrusions 390 operate as 
the protrusions 20A of tiie CF substrate. 

The stojctures of a liquid crystal display In accordance with the present invention have been described so far. 
Examples of applications of the liquid crystal display will be described l^low. 

Fig. 194 shows an exanple of a product employing the liquid crystal display in accordance with the present inven- 
tion, and Rg. 195 is a diagram showing the structure of the product As shown In Rg. 195, a liquid-crystal panel 100 
has a display surface 111, and makes it possible to view a displayed image not only from tiie front side but also from 
any oblique diredion defined by a large angle while offering an excellent viewing angle characteristic, a high contrast, 
and good quality bu/t not causing gray-scale reversal. On the back side of tiie liquid crystal panel 100, there are a light 
source 1 14 and a light box 113 for converting illumination light emanating from the light source 114 to light capable of 
illuminating the liquid-crystal panel 100 uniformly. 

As shown in Fig. 1 94. a display screen 1 1 0 of this product is turnable and tiie product is therefore usable as either 
a sideways display or lengthwise display according to a purpose of use. A switch for use in detecting a tilt by 45' is 
tfierefore included. By detecting tiie state of the switch, switching is carried out to select whetfier display is carried out 
for tiie sideways display or for the lengthwise display. For this switching, a mechanism for changing a direction, in which 
display data is read from a fi'ame memory for image display, by 90* Is needed. The relevant technology is well-known. 
The description of the technology will be omitted. 

An advantage provided when tfie liquid crystal display in accordance with the present Invention is adapted to tiie 
atxsve product will be described. Since a conventional liquid crystal display permits only a small viewing angle, when a 
large display screen is adopted, there arises a problem that a viewing angle relative to a marginal part of the screen 
gets so large that the marginal part becomes hard to see. However, a liquid crystal display in which the present inven- 
tion is implemented makes it possible to view a high-contrast image even at a large viewing angle without occurrence 
of gray-scale reversal. In tiie product shown in Fig, 1 94. a viewing angle relative to a longer marginal part of tfie display 
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»fH!!l'?f.T? '^If .t " been impossible to adapt a liquid aystal display to this kind of product The Ra- 

u.d crystal d.splay of the present invention permitting a large vfe«ring angle can be adapted to the product 
M- J^^^^J-^ embodimerns provide liquid crystal displays In each of which the orientation of a fiquid crystal is 
fZ^f?^:^ ^fl,'^^ ^ ^'^^^ "^'""y Whose azimuths are rni tS^diSS in 

^S-i? JIT 'S"^^'^^'^ ^ which the orientation of a liquid crystal isSJtor 
^^^vt^^^^ T'""' ^'^"'^^ different in incr^e!^ S 9? 

Sv.Kf^ H t ri'" '"^^"TJ" applications of the present invention. When L orientation of TlTa arvLl 
mite ? £ a 2^ S„ ? "l^' '"to fo"^ regions whose azimuths are mutuaBy differert tS- 

^ = JT^ ^ ^ characteristic can be exhibited in almost all directions. To whichWer directionsttie 

onentabon is set, no problem occurs in particular. For example, when the pattern of protrusions shown n Ha M is 

iS?and^"crL-*^;'''^^^^ 

-T*^ *^ orientation of a liquid crystal is divided for dividing each domain thereof into two reoions 

"^""".^ *^ ^'^"9 *«««er's«c will be improvJSaSJ Hi^! 

tions into which the orientation is divided but will not be inproved very much relative to directions mZZ^<2^^ 
d.«^ons by 90.. When a nearly equal viewing angle chaSeristic is'l^l^d toli ^iSSS'S^^ 
ti^ld^ecbons. a-pattem of proUusions should preferably be. as shown in Hg. iggB. run In^ oSu^SSi^ 7^ 

Next, a process of manufacturing a liquid crystal display in accoitlance with the present invention will be described 

Z^^^^^^ f ^.""^ electrodes, a step 503 of forming an operating layer by applyi^ a continu^ 
11^' '^'^ « s«ep 505 of applying a protective fflm. a step 506 of So piirt ele7(^ 

st^o 50?^^® ^"Tf'^ components which are carried out in that onJer. For Sming insuSSJ p^SS^^ 
step 506 of forming pixel elements is succeeded by a step 507 of forming protrusions a^ns pnmisions. me 

the ^liSTsfe.'iVof ^«*J?'*"',°" ^'"^"^ comprises a step 51 1 of applying a resist, a step of pre-baWng 
Tn^*™^ Performng development so as to remove portions other than the protrusions, and a step^SIS of post-bak 
o^SIrJh ^ ^ A» the post-baWng step 51 5. baking should therefore be cabled 

.r:^yo;Zmrv«?i;^:::r'"^^ 
adc^^^t^r-^^^^^^^^^^ 

natti^ l,^*""- I?- "® *^"«' « Pa***^ protrusions using a photosensHive resist The 

^I^J^TT P^""*^- .""own in Rg. 199. a pattern of protriisions is drawn on a flexible r^S^te 

A^rJS^ i^*^ wh»ebeinfl interlocked wHh an anilox roller 605, a doctor roller 606. and a printing stage 
^iiK! w L '° P^ofr^sto^s dropped onto the anilox roller 605 by a dispenser 607 Sd 

^^jLT^'^.J.'^^r, ^ '° d^op^ unlfbrmly over the anilox roller 605. The developed resln iS;,^ 
S^^^o If ^ ^"t'* '^^^^'^^ to the raised porfion of 

sutorate 609 on the pnnbng stage 602. Thereafter, baking or the like is carried out Various techniqu«?Sna a 

thl t^- '^'^r "^J^y ^ ^""^ P™"**- " « P«»torn of protrusions canlSeS IZ^^ 

the techniques, the pattern of protnisions can be drawn at low cost aiawn using any of 

bond'StiirS^e^jirj^ " "^^.^ P"*" to be performed after upper and lower substrates are 

^ ^ described in conjunction with Rgs. ISA and 18B. at the step of assembling components 

n^'^ " **»"«to and TFT substrates are bonded, a £uid crystal is ?nSS7 VA 

u ^ 1^ " to ir^ect a liquid aystai. SiSe proSs are 

S^l^; H '™ ""^^ " '«^«'««' to shorten thTJiTliJJS fS 

irijecting the Ikjuld crystal as much as possitde. ■«Huiroa ror 

win h'^^n,^°Jf A^^f f *® of « liquid^ystal Injection apparatus. The details of the apparatus 

81?S cZprt^^ « ! 1'qu.d-crystal defbamer and pressurizer tank 614. Concurrently, an exhaust connector 
818 is connerted to a liquid-crystal exhaust port and the pressure in the liquid-crystal panel 100 is reduced using a vac- 

exnaust port is separated from an air by a liquid-crystal trap 61 9. 
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In the first embodiment, as shown in Figs. 18A and 18B. the protrusions 20 are linear and running In a direction 
parallel to the long side of the panel 1 00. The liquid crystal injection port 102 is formed on a short side of the panel ver- 
tical to the protrusions 20. while the exhaust ports 103 are formed on the other short side thereof opposite to the side 
on which the injection port 102 is formed. Likewise, as shown in Rgs. 201 A and 201 B. when the protrusions 20 are tin- 
ear and running in a direction parallel to the short side of the panel 100, preferably, the liquid-crystal injection port 102 
is formed on one long side of the panel vertical to the protrusions 20, and the exhaust ports 1 03 are formed on the other 
long side thereof opposite to the long side on which the injection port 102 is formed. Moreover, as shown in Figs. 202A 
and 202B, when the protrusions 20 are zigzagged, the liquid-crystal Ifijeclion port 102 is preferably formed on a side of 
the panel vertical to a direction In which the protrusions 20 are extending. As shown in Rgs. 203A arKi 203A, the 
exhaust ports 103 are preferably formed on a side of the panel opposite to the side on which the injection port 102 is 
formed. 

During injection of a liquid crystal, foams may be mixed in the liquid crystal. Once foams are mixed in a liquid crys- 
tal, imperiect display ensues. Assuming that a negative liquid crystal and a vertical alignment film are enployed. when 
no voltage is applied, black display appears. Even if foams are mixed in the liquid crystal, black display appears in areas 
coincident with the foams. The mixing of foams cannot therefore be discovered in this state. A voltage is applied to elec- 
trodes so that white display wfll appear. When black display does not appear in any area, it is confirmed that no foam 
has mixed in the liquid crystal. However, since there is no electrode near the fiqirid-crystal injection port, even if foams 
are mixed in a portion 6f the liquW crystal near the liquid-crystal injection port, the fbams cannot be discovered. If foams 
are present in this portion of the liquid crystal, there Is a fear that the foams wlli bo dispersed to deteriorate display qual- 
ity. Even the foams near the injection port must therefore be discovered. In a liquid crystal display of the present inven- 
tion, therefore, as shown in Rg. 207, an electrode 120 is formed near an injection port 101 outside a display area 121 
and the black matrices 34 so that rnxing of foams in this portion of a liquid crystal can be detected. 

As explained above, the VA system liquid crystal display device using the domain regulating means such as the 
protrusion and tiie recess, the slit etc, does not require tiie rubbing treatment Therefore, contamination in 0ie manu- 
facturing process can be drastically reduced, and a part of the washing process can be omitted. However, the negative 
type (n type) liquid crystal used has lower contamination resistance to organic materials, particularly to polyuretfiane 
resin arKi the skfn. than the positive type Itqald crystal that Is ordinarily used, and involves the problem that display 
defect occurs. This display defect presumably results from the drop, of the specific resistance of tiie contaminated Kiqukl 
crystal. 

Therefore, examinations are first made as to which size of the polyurethane resin and the sWn causes this display 
defect Figs. 205A to 205C show the VA system liquid crystal panel. After the vertical alignment film is formed on the 
two substrates 16 and 17. several polyurethane resins having a size of about 10 pm are put on one of the substrates. 
After the spacers 45 are fbrnned on one of tiie sul>strates and the seal material 101. on the other, the substrates are 
bonded to each other, and the panel is manufactured by charging ttie Ik^uid crystal. As a result it is found out that the 
polyurethane resin 700 expands to an area of 1 5 pm square by heat and by the formation of the cell tNckness (cell gap}, 
and the display defect due to contamination of the liquid crystal is recognized within the range of 0.5 to 2 mm with the 
polyurethane resin 700 as the center. 

Fig. 206 shows the result of tiie investigation of the contamination area of the liquid crystal by changing the size of 
tiie polyurethane resin 700. Assuming that no problem occurs when the display has a size of not greater than 0.3 mm 
square on the panel, the size of the polyurethane resin must be not greater than 5 nm. This also holds true of the sWn. 

As described above, the polyurethane resin and the sWn lower the specific resistance of the liquid crystal, thereby 
Inviting the display defect. Therefore, the relationship between the mixing quantity of tiie polyurethane resin and the 
drop of the specific resistance is examined. Rg. 207 shows the calculation result of frequency dependence of an equiv- 
alent circuit of the liquid crystal pixel shown in Rg. 208 by assuming the gate-on state. This graph shows the change of 
the effective vdtage to thefrequency when the resistance is 9.1 xio^ 9.1 x10^° 9.1 xlO''^ 

alent circuit of the Ik|ukI crystal pixel. It can be appreciated from the graph that the drop of the resistance value of the 
liquid crystal causes the drop of the effective voltage. It can be appreciated further that abrx^rmal display occurs at the 
drop of the specific resistance of at least 3 digits wittiin the frequency range of 1 to 60 Hz that is associated with the 

practical display. 

Figs. 208 and 209 are graphs showing within which time the charge once stored is discfiarged when tiie resistance 
is 9.1 X 10^°. 9.1 X 10^^ and 9.1 x respectively, by assuming the state where the liquid crystal pixel holds tiie 
charge. For reference, an example of the case where only the alignment film exists is shown, too. Because the align- 
ment film has a large resistance and a large time constant, it hardly contributes to discharge phenomenon. Rg, 209 
shows in magnification the portion below 0.2s in Rg. 208. It can be seen from this graph that when the liquid crystal 
resistance is lower by at least two digits, a black smear starts occun-ing at 60 Hz. 

It can be understood from the observation described above that tiie problem develops when the resistance drops 
by two to three digits due to the polyurethane resin and tiie skin. 

Next, after phenyl uretfiane is charged into the liquid crystal, a ultrasonic wave is applied for 10 seconds and the 
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Sl«[.K'Jf I^'"^"^.'*" ^^"^"9 60 as to measure the specHic resistance of the supernatant ft is found out from 

^:cio:^^^^of a^nSS^ "^"^ ^^^^^ ^ ^ 

.K. "'"'^"1'?' *® explanation descn-bed above that non-unilbrm display does not occur at the level at which 
the mbdng (^ntrty o* the polyurethane and the sWn Is not greater than 1/1000 in tem« of the molamto 

The embodimente of panels according to the present Invention In which directions of alignment of Dqiild ervstalline 
,hf ""T:^ '"^ «*««=ribed so far. As airily d««Sf It^,!^ 

actensbcs and arrang^nents of the retardation films win be descrtoed. The LCD panels of these eirtoodmente te^e 
rSlTur-'aSilJ-JSir''^'"'""'^^''''^^ 

is ^J^H^iT^^"^ * constitution of a prior art VA LCD. A space formed between two electroded 12. 13 
^atf^f Ih*'^^' ""^'^r'- = P^"^' conpleted. As shown in Rg. 210. a first polarizing 

S^f J T J^V "."'"'""^ P"^'* ^® "he panel. In the VA LCD. ^^cal aMonm^t 

le^ wiS thr^!!!^ alignment rams are differert each other by 180 degrees. Further, the S^ng di^orS iSt^- 
2l^hd^l^S'°" o '^'^ ^^^'"^ LVD panel Is that shown in R^s. 7A toTc. Rg 

and 270* are low and the gray-scale reversal occurs in wide view-angle. 

^^J^. 213 shows a constitution of a VA mode LCD device in which protrusion patterns as illustrated in Rg. 54 are 

Rg. 214 shows iso-contrast curves in the case of the LCD device shown in Rg. 213. Further. Ra 215 shows view- 
ing angle reg»ns. m each of which grayscale reversal occuis during an eight-gmj^e^evel drivi^ c^raSTln ^e 

case of this device as compared with the case of the conventional device of the VA (vertcally aligned) type, the inprove 
ment on the gray-scale reversal is insufficient and that the contrast Is not improved very much * 

Applicait of the present application disclosed in Japanese Patent Application No. 8-i1926/199S and Japanese Pat- 

Mm) ttierem These Japanese Patent Applications, however, do not refer to the cases of perfbmiii^ fhe alignmert dS- 
sion by protrusions, depressions (or dents) or slits respectively provided In pixel electrodes. «'Bnnient div. 

„f '"^»^e "0. conditio for further improving the viewing angle characteristics of a fiquid crystal display device 
oftheVAype.wh,ch«adaptedtop^^ 

sions or slrts provided in the pixel electrodes, by providing an optical retardation fflm Lrein will be d^b^' 
nna to '^'^ described hereinbelow by reler- 

2^J2n^tm ^^'^ ITJ'- ^'^ '^^^'^'^ constantes (or indices) respectivelTcoae- 

JSS^essSSS^!^^ 

fCJo^TsSHers^rsr^ 

Incidentally, an optical retardation film, in which the following relation holds: 

"x ) "y " 

"niaxiality thereia Hereunder, such a phase difference fflm will be referred to simply as a positive 
r,^n^ ^ * «>"«P°"ding to a larger one of the dielectric constantes n!S a, is SotS 

DtfJ^L^ f ^* "'^ ^ '■'9" P^®« »h~"9»' P°^^ uniaxial film, the follMring 

2^1^°?^'''^''**^'**°"^ RtecausedinanlnptenedirecBon: R = (n, -n Jd. Herelnafter^e?,haJrdr! 
feren« caused by the positive uniaxial filmMndicates a phase difference caused i^ ^ 
Moreover, a phase difference film, in which the following relaUon holds: 

has optically negative uniaxiality in the direction of a normal to the surface thereof. Hereunder, such a phase difference 
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film will be referred to simply as a negative uniaxial film. Let d designate the thickness of the film. When light passes 
through this negative uniaxial film, the following phase difference R is caused in the direction of the thickness thereof: 
R s ((n X + n y)/2 • n 2)d . Hereinafter, the "phase difference caused by the negative uniaxial film" indicates a phase dif- 
ference caused in the direction of the thickness thereof. 

Furthermore, a phase difference film, in which the following relation holds: n^ ) ny ) n^, has (optical) biaxiality. Here- 
under, such a phase difference film will be refen-ed to simply as abiaxlal film. In this case, rv ) ry Therefore, the axis 
extending in the x-direction is refenred to as the phase lag axis. Ixt d designate the thickness of the f Dm. When light 
passes through this positive uniaxial fOm, the following phase difference R Is caused in an inplane direction: 
R B (n X - n y)d (inddentally. n^ ) riy). Further, the phase difference R caused in the direction of the thidoiess thereof is 
predetermined by the folkMving equation: 

R = ((nx + ny)/2-nj)d. 

Fig. 21 7 is a diagram showing the constitution of a liquid crystal displc^ device which is a 52th embodiment of the 
preserrt invention. 

Color filter and a common electrode (namely, what is called a full-surface covering electrode) are formed on the liq- 
uld-aystal-side surface of CF (Color Filter) suljstrate that is one of substrates 91 and 92. Further, TFT elements, bus 
lines and pixel etecti^odes are formed on the liquid-crystal-side surface of TFT substrate that is the other of the sub- 

_A_A,^^ nn 

Vertical alignment film is formed on the liquid-crystal-side surfaces of the substrates 91 and 92 by applying a verti- 
cal alignment material thereto through transfer printing, and by then txjrn the material at 180''C. Subsequently, a posi- 
tive photosensitive overcoating (or protecting) material is applied onto the vertical alignment film through spin coating. 
Then, a protrusfon pattern shown in Fig. 54 is formed by performing prebaMng, exposure and postbaking. 

TTie substrates 91 and 92 are bonded together through a spacer having a diameter of 3.5 pm. Futher, a space 
formed therebetween is sealed with a liquid crystal material having negative dielectric constant anisotropy. Thus a liquid 
crystal panel Is completed. 

As illustrated in Rg. 217. the liquid crystal display device, which Is the 52th embodiment of the present invention, 
is constituted by placing a first polarizing plate 11. a first positive uniaxial film 94. two substrates 91 and 92. a second 
positive uniaxial f Qm 94 and a second polarizing plate 1 5 therein In this order. Incidentally, the first and second uniaxial 
films 94 are placed so that the phase lag axis of the first positive uniaxial f Im 94 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 

Fig. 218 shoMTS iso-contrast curves in the case that each of the phase differences Rg and R^ respectively corre- 
sponding to the first andi second positive uniaxial films 61 of the 52th embodiment Is set at 1 10 nm. Further, Fig. 219 
shows viewing angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale-level driving oper- 
ation in such a case. As is apparent from the comparison with Rgs. 214 and 215. a range, in which Ngh contrast is 
obtained, is enlarged extensively, with the result that the gray-scale reversal does not occur in the entire viewing angle 
region. Consequently, the viewing angle characteristics are considerably improved. 

Incidentally, the viewing angle characteristics were studied by changing the retardation Rq and R^ in various ways 
in the case of the constitution of Rg. 217. Process of studying the viewing EVigle was as follows. Rrst, while changing 
the phase differences Rq and Ri, an angle at which the contrast (ratio) was 10, was found in each of an upper right 
direction (con^esponding to an azimuth angle of 45** towards the right top), an upper left direction (con-esponding to an 
azimuth angle of 135*" towards the left top), a lower left direction (corresponding to an azimuth angle of 225* towvards 
the left bottom) and a lower right direction (corresporKiing to an azimuth angle of 315* towards the right bottom) with 
respect to the liquid crystal panel, as viewed in this figure. Rg. 220 is a contour graph showing each contour that con- 
nects points, each of which is represented by coordinates Rq and R^ thereof and corresponds to the found angle having 
a same value. Incidentally, the contour graphs respectively corresponding to the upper right direction, the upper left 
direction, the lower left direction andi the lower right direction were the same with one another. It is considered that this 
was because four regions obtained by the alignment divisfon were equivalent to one another as a result of using the 
protrusion pattern shown in Rg. 54. 

In the case of Fig. 217, the angle, at which the contrast ratio is 10 in each of the directions respectively correspond- 
ing to the azimuth angles 45*. 135°, 225* and 315*, is 39*. This reveals that the use of the optical retardation film is 
effective in the case of the combination of the coordinates Rq and R^ shown In Rg. 223. Incidentally, in the case illus- 
trated In Rg. 223, the angle, at which the contrast ratio Is 10, is not less than 39* when Rq and R^ meet the following 
conditions or requirements: 

R, ^ 450 nm - Rq. Rq ' 250 nm ^ R^ ^ Rq +250 nm. O^Rq andO^R^. 

Additionally, the retardation An - d caused in a liquid crystal was changed within a piratical range. Moreover, the 
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twist angle was changed wHhIn a range of 0 to 90-. Similarly, the optimum conditions for Rq and R. were obtained As 
a result, rt was ascertained that the optimum conditions were the same as the aforementioned r J[,uirements even^ 
sucn cases. 

'^S'.f * "iS'^Jll!!;""^ *f constitution of a liquid crystal display device which is a 53rd embodiment of the 

pr^ent invention. TWs embodiment is different from the 52nd embodiment in that two posHive uniaxial films, namely 
irst and second positn/e uniaxial films 94 are placed between the first polarizing plate 1 1 and the liquid crystal pan^' 
hat the phase lag axes of the two positive uniaxial films 94 intersect with each other at right angles and that the phase 
ag ax.s of the second positive uniaxial fflm acfjoining the first polarizing plate 11 intersects with the absorption axis of 
the first polarizing plate 11 at right angles. 

♦h. ^ i««ontra^ curves in the case that the phase differences Ro and R, respectively coiresponding to 
tt^e f i^t ai^eoond positive uniaxial f Oms 61 of the 52nd embodiment are set at 11 0 nm and 270 nm' respedively. Fu" 
fter. Fig. 223 shows viewing angle regions, in each of which grayscale inversion occurs during an eight-gray-scale- 
T t^^- comparison with Figs. 214 and 215. a range, in whfeh high 

contoas^ ,s cbtainedjs enlarged extensively. I^oreover. the range, in which the grayscale reversal oc^ is greatty 
reduced. Consequently, the viewing angle characteristics are considerably improved *. « a eany 

f^^T^H^^ '^"'^ as a result of being shjdied by changing the phase dif- 

^. ii^l ° ^Jl"^ ^ ^ *e «se of the constHution of Rg. 221 

fS pjfrf i"^ embodiment. The viewing angle characteristics shavn in Fig. 224 are the same as 

^♦« B ™r ".'"^'^'V a contour graph showing angles, at which the contrast ratio is 10. in terms of coordi- 

. .C" ^ y '^3^ Iherefrom. Ihe angle, at which the contrast ratio is 10. is not less than 39» when Ro and R, 
meet the following conditions or requirements: ^ ^ 
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2R(,-170nmsRi S2Ro+280nm. 

R, ^ •Ro/2 + 800nm.O:SRoandO^R,. 

Further, it was asMrtained that the optimum conditions were the same as the aforementioned requirements even 

°'*e 53th embodiment the retartfation An -d caused in a liquid crystal was 
changed^ n a practical range and where, moreover, the twist angle was changed within a range of 0 to 90- 

Pig. 225 te a diagram showing the constitution of a liquid crystal display dartce which is a 54th embodiment of the 
present invention. 

This embodiment is cfifferent from the 52th embodiment in that the first negative uniaxial film 95 Is placed between 
the liquid crysW pane and the first polarizing plate 1 1 and that the second negative uniaxiai film 95 is placed between 
the liquid crystal panel and the second polarizing plate 15. vBooeween 
for^i^® shows the viewing angle characteristics obtained as a result of being studied by changing the phase dif- 
' " ofUie constitution of Fig. 225. similarly as in the case of the 52th embod- 

irnerA The viewing angle characteristics shown in Fig. 226 are the same as of Fig. 220 and are illustrated by a contour 

S fhlP^^'j;*!?' .^toT^I '^""'^ «««ii"ates Ro and R,. As is seen therefrom, the 

angle, at which the contrast ratio Is 10. is not less than 39* when Ro and R, meet thefbllowing condition or requirement 

Ro + R, iSOOnm. 

,.nni"?''*rf' ^jrf °* ^ embodiment the retaitlation An • d caused in a Hquid crystal and the 

^JlTJ^Il''J^"TJ°?^'^ T° ^"^^ r«ardation An -d within a practical range. Fig. 227 

2^2?™^^°^*^.'^ ^ ^° <»»ed in the Rquid crystal. Consequently, the optimum value in the 

!£TSIn"l"?I P^c + SO) nm differences respectively corresponding to the phase difference films is not 

r««S.?Illc*'*'°f^ Ws characteristic condition relates to the contrast (ratio), the optimum condition for the gi^-scate 
so L T ^^^^^"^'^- ^^"^ gray-scale reversal occurs, were found by changing the ph^differ- 

in fh?-^° ' "I «® °* ^ thickness of the first and second negative uniaxial films 95 in various irannere 

hi , °* fa 225. similariy as in the case of the contrast ratia Fig. 228 shows contour graphs obtained from 

• "^'<''''s"''«trated by using the coordinates Roand R,. Incidentally, the angle, at which the gray-scale 
Z^*.!^? ■ ' '"^^ P»'««« differences Ro and R, have vies aX 

Tl^ ®" occunence of the gray-scale reversal is not less than 52' In the case illustrated in Fig 228 

the phase difference film has an etfect on the gray-scale reversal. In the case shown in Rg. 228. the angle, at which the 
contrast ratio b 10. is not less than 39- when Ro and R, meet the following condition or requir^nent 

Rq + Ri S345nm. 
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Then, in the case of the 54th embodiment, the relation between An • d caused in a liquid crystal (display) cell and 
the upper limit to the optimum condition was studied by changing the retardation An • d within a practical range. Fig. 229 
illustrate results of this study. This reveals that the upper limit to the optimal condition is nearly constant independent of 
An • d caused in the liquid crystal cell and that the optimum condition for a sum of the phase differences respectively 
5 corresponding to the phase difference films is not more than 350 nm. 

It is desirable that the angle, at which the contrast ratio is not less than 50**. Further, in view of the gray-scale 
reversal and An • d caused in the liquid crystal cell, it is preferable that a sum of the phase differences respectively cor- 
responding to the phase difference films is not less than 30 nm but is not more than 270 nm. 

Moreover, as a result of studying the optimal condition by changing the twist angle In a range of 0 to 90*. it is found 
10 that the optimum condition was the same as the aforementioned requirement. 

A 55th embodiment of the present invention is obtained by removing one of the first and second negative uniaxial 
films 95 from the constitution of the liquid crystal display device of Fig. 225. which is the third embodiment of the present 
invention. 

Fig. 230 shows iso-contrast curves in the case that the phase difference con-esponding to one of the negative 
IS uniaxial films 95 of the 55th emt>odiment is set at 200 nm. Further, Rg. 231 shows viewing angle regions, iri each of 
which gray-scale inversion occurs during an eight-gray-scale-tevel driving operation in such a case. As is obvious from 
the comparison with Figs. 214 and 215, a range, in which high contrast is obtained, is enlarged extensively. Moreover, 
the range, in which th^gray-scale reversal occurs, is greatly reduced. Consequently, the viewing angle characteristics 
are considerably improved. Moreover, the optimal condition for realizing the contrast ratio of 10 and the opt'mal condi- 
20 tion for the gray-scale reversal were studied. Results of this study reveal that it is suffident to use a single negative 
uniaxial film having the phase difference corresponding to a sum of the phase differences of the negative uniaxial films 
of the 54th embodiment. 

Each of 56th to 58th embodiments of the present invention uses the combination of positive and negative uniaxial 
films. Although there are various kinds of modifications to the arrangement of such films, it has been found that the con- 
stitutions of the fifth to seventh embodiments have (advantageous) effects. 

Fig. 232 is a diagram showing the constitution of a liquid crystal displc^ device which is a 56th embodiment of the 
present invention. 

The 56th embodiment differs from the 52th embodiment In that a negative uniaxial film 95 is used and placed 
between tfie liquid crystal panjel and the first polarizing plate 1 1 1nstead of the first positive uniaxial film 94. 

30 Fig. 233 shows iso-contrast curves in the case that the phase difference Rq in an inplane direction in the surface of 
the positive uniaxial film 94 and the phase difference in the direction of thickness of the negative uniaxial film 95 are 
set at 150 nm in the 56th embodimerrt Further. Fig. 234 shows viewing angle regions, in each of which gray-scale irrver- 
sion occurs during an eight-gray-scale-level driving operation in such a case. As is obvious from the comparison with 
Rgs. 214 and 215. a range, m which high contrast is obtained, is enlarged extensively. Moreover, the range, in which 

35 the gray-scale reversal occurs, is greatly reduced. ConsequenUy. the viewing angle characteristics are considerably 
improved. 

In the case of the 56th enrtbodiment. the optimal condition for the contrast was studied. Rg. 235 shows results of 
tNs study, which reveal that the optimum condition indicated by Rg. 235 was the same as illustrated in Rg. 220. 

Fig. 236 is a diagram showing the constitution of a liquid crystal display device which is a 57th embodimerrt of the 
40 present invention. This embodiment Is different from the 52th embodiment in that a positive uniaxial films 61 are placed 
between the liquid crystal panel and the first polarizing plate 1 1 and that a negative uniaxial film 95 is placed between 
this positive uniaxial film 94 and the first polarizing plate 1 1 . The positive uniaxial film 94 is placed in such a manner tiiat 
the phase lag axis thereof intersects with the absorption axis of the first polarizing plate 1 1 at right angles. 

Fig. 237 shows iso-contrast curves in the case that the phase difference Rq in an inplane direction in the surface of 
'■^ the positive uniaxial film 61 and the phase difference Ri in the direction of tfiickness of the negative uniaxial film 62 are 
set at 50 nm and 150 nm in the 57th embodiment, respectively. Further. Rg. 238 shows viewing angle regions, in each 
of which gray-scale inversion occurs during an eight-gray-ecale-level driving operation in such a case. As is obvious 
from the comparison with Rgs. 214 and 215, a range, in which high contrast is obtained, is enlarged extensively More- 
over, the range, in which the gray-scale reversal occurs, is greatly reduced. Consequentiy. the viewing angle character- 
so istics are considerably improved. 

Even in the case of the 57th embodiment, ttie optimal condition for the contrast was studied. Rg. 239 shows results 
of tiiis study, which reveal that the optimum condition indicated by Fig. 239 was the same as illustrated in Rg. 220. 

Fig. 240 is a diagram showing the constitution of a liquid crystal display device which is a 58th embodiment of the 
present inventioa This embodiment is different from the 52th embodiment in that a negative uniaxial films 95 are placed 
55 between the liquid crystal panel and the first polarizing plate 1 1 and that a positive uniaxial film 94 Is placed between 
this negative uniaxial film 95 and the first polarizing plate 1 1. The positive uniaxial film 94 Is placed In such a manner 
that the phase lag axis thereof intersects with the absorption axis of the first polarizing plate 1 1 at right angles. 

Fig. 241 shows iso-contrast curves in the case that the phase difference Rt in an inplane direction in the surface of 
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con^SrJ^H n"* ^ «"bodimerrt in that a phase difference Hm 96. whose inplane dielectric 

constantes n and and dielectric constant n, in the direction of thickness thereof have the fello^o VeM^ n o ! 

Ll^l^ "f^*" P«^«' ^ «^ polarizing plate 1 1 mxTSt a pSZ Srt!S?^am"<,^ 

, iso-contrast curves in the case that the x-axis is employed as the chase laa axis of tho nho=- 

- 250 nm 5 Ry^ ^ R^^ + 150 nm, 



0!SRy^andO^Rx2. 



th« ^t!"!^' ^ ^® P*^*® difference in an inplane direction of the phase difference film 96 and 
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Ro = ("x - n y)d - Rxx - Ryz ■• (In the case that a n^); 
Ro - (Hy - n Jd - Ry, - R„ ... (in the case that n s n J; 



45 and 



50 



"yi = (("x + ny)« - n,)d - (R„ - R j,)/2. 
Therefore, the optimal conditions for R„ and R,, are written as IWIows: 

Ro^SOnm, R^^SOOnm. 

dire<!2on S^'w.JitS'Slf "^'^ 250 nm and the phase difference in the 

JJjJeTJir* 1" r™u*^" ^° ""^ ^ P''^" dlWerenco film is placed^ H 

Phase lag a* therert ihtersects wrth the absorption axis of the adjacent polarizing plate at right angles. ^ 

^ .1, °* retardation An • d called in aBniid cnScdTaS^the uon»r iimi. 

optimal condibon for the phase difference in an inplane direction was not more thi. 250 nm^l^ o??he rellJa! 
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tion An -d caused in a liquid crystal cell. In contrast, the phase difference in the direction of thickness depends on the 
retardation An • d caused in a liquid crystal cell: Fig. 248 shows the results of the study on the relation between the retar- 
dation An • d caused in a liquid crystal cell and the upper limit to the optimal range of the phase difference in the direc- 
tion of thickness of the film. Let R|_c denote An *d caused in the liquid crystal. Consequently; it is concluded that the 
optimum value in the optimal condition for the phase difference in the dlrectk>n of thickness of the phase difference film 
is not more than (1 .7xRlc + 50) nm. 

Incidentally, the optimal condition in the case of a configuration, in which a plurality of phase difference films 96 
were placed in at least one of spaces formed between the liquid crystal panel and one of the first polarizing plate 1 1 
and the second polarizing plate 15. which were provided at one or both of sides of the Ik^uid crystal panel, and between 
the Gqutd crystal panel and the other thereof was studied similarly. As a result, it was found that the optimum condition 
was the case where the phase difference in the inplane cfirection of each of the phase difference films 96 was not more 
than 250 nm and that a sum of the phase differences in the direction of thickness of the phase difference f nms 96 was 
not more than (1 .7xRlc + 50) nnt 

Further, as a result of studying the optimal conditran similarly by changing the twist angle in a range of 0 to SO", it 
was found that the optimum condition was the same as the aforementioned requrement 

A positive uniaxial film 

a negative uniaxial film 

("x = > n.) 

and a biaxial film (n^ > "y > nj are employed as the film 96. Namely, a single or a combination of such films may be 
used. 

In the foregoing description, tfiere has been described the optimal conditions for tfie phase difference fHm in ttie 
case that alignment division is performed in a pixel by providing rows of protrusions on the liquid-crystal-side of each of 
the two substrates composing the liquid crystal panel. However, even in ttie case of performing tine alignment division 
by using depressions or slits formed in the pixel electrodes, the viewing angle characteristics can be irrproved on tiie 
similar corxlitions. 

Furtfier. in ttie present specification, the polarizing plates have been described as ideal ones. Therefore, it is obvi- 
ous tiiat the phase difference (incidentally, the phase difference in the direction of thickness of the film is usually about 
50 nm) caused by a film (namely, TAG (cellulose triacetate) film) protecting a polarizer should be synttiesized with the 
phase difference caused by the phase difference film of tine present invention. 

Namely, the provision of the phase difference f am may be omitted apparently by making TAG film meet tiie condi- 
tions according to the present invention. However, in this case, needless to say, such TAG film performs as well as ttie 
phase difference film of the present invention, which should be added to the device, does. 

The embodiments In which the present invention is Implemented In a TFT Ik^uid crystal display have been 
described. The present invention can also be implemented in liquid crystal displays of other types. For example, the 
present invention can be implemented in a I^OSFET LCD of a reflection type but not of tiie TFT type or in a mode using 
a diode such as a MIM device as an active device. Moreover, the present Invention can be Implemented in both a TFT 
mode using an amorphous silicon and a TFT mode using a polycrystalline silicon. Furthermore, tiie present invention 
can be iirplemented in not only a transmission type LCD but also a reflection type or plasma-addressing type LCD. 

An existing TN LCD has a problem tfiat it can cover only a narrow range of viewing angles. An IPS LCD exhibiting 
an improved viewing angle characteristic has problems tiiat a response speed it can oHer is not high enough and it can- 
not ttierefbre be used to display a motion picture. Implementation of the present invention can solve ttiese problems, 
and realize an l-CD exhibiting the same viewing angle characteristic as the IPS LCD and offering a high response speed 
surpassing ttie one offered by tiie TN LCD. Moreover, tfie LCD can be realized merely by forming protrusions on sub- 
strates or slitting electrodes, and can therefore be manufactured readily Besides, the rubbing step arxJ after-rut)bing 
cleaning step which are required for manufacturing ttie existing TN LCD and IPS LCD become unnecessary Since 
these steps cause imperfect alignment, an effect of improving a yield and product reliability can also be exerted. 

Since the LCD offering a high operating speed and exhibiting a good viewing angle characteristic can be realized, 
expansion of an applicatiori range Including the application to a monitor substituting for ttie CRT Is expected. 
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Claims 



1. 



2. 



A Rquid crystal display device comprising: a first substrate and a second subslrale processed for vertical aHgnmenf 
and a liquid aystal having a negative dielectric constant anisotropy and being sandwidied between said first and 
second substrates: orientations of said Hquid crystal being vertical to said first and second substrates when no volt- 
age bang applied, being almost horizontal to said first and second substrates when a predetermined voltage being 
appned and being oblique to said first and second substrates when an Intermediate voltage lower than the orede- 
termined voHage being applied. u ■« peoe 

said first substrate cotrprising f nst domain regulating means for regi^ting azimulhs of the oblique orientations 
Of said liquid crystal; 

said f iret domain regulating means comprising a first stnjcture lor partially changing a contact surface between 
said first substrate and said liquid crystal to inclined surfaces; 

wherein the liquid crystal In the proximity of said inclined surfaces being vertically oriented to said 
inclined surfaces when no voltage being applied, and azimuths of said liquid crystal far from said inclined sur- 
face being determined according to the azimuths of said fiquid crystal in the proximity of said inclined surface 
when said intennediate voltage being applied. 

A liquid crystal dlspl^ device according to dalm 1, wherein said first stmcture includes protrusions projected to a 

layer of said liquid crystal. 



^' ^1?"!^^^^' ^'^^ ^^^^ according to daim 2, wherein said protrusions are made of dielectric materials on a 
first electrode of said first substrate. • a 

4. A liquid crystal display device according to dalm 2. wherein pixel electrodes are formed on said second substrate 
each of said protrusions extends straightly, and said protmsions are anwged in parallel to one another with a ore^ 
determined pitch among them. « 

5. A liquid crystal display device according to daim 4, wherein said predetermined pitch is equal to an arrangement 
pitdi of said pixel electrodes, said protrusions extend in parallel to edges of said pixel electrodes and pass on posi- 
tions mcing to centers of said pixel dectrodes. 

6. A liquid crystal display device according to daim 2. wherein pixel electrodes are formed on said second substrate 
said protrusions have point-like figures and said protrusions are arranged at positions fadng to centers of said pixel 

. electrodes. 

7. A liquid crystal display device according to daim 1, wherein said first structure includes depressions depressed 
from a layer of said liquid crystal. 

8. A liquid crystal display device according to daim 7. wherein said depressions are pix)vided under a first electrode 
Of said first substrate, and a surface of said first eledrode partially has inclined surfaces corresponding to said 
depressions. 

9. A liquid crystal display device accorcfing to daim 7. wherein a first electrode of said first substrate indudes slits 
operating as domain regulating means, said depressions and said dits are mutually arranged. 

1 0. A liquid crystal displ^ device according to claim 1 . wherein said first structure indudes protrusions projected to a 
layer of said liquid crystal and depressions depressed from sad layer of said Hquid crystal. 

1 1- A liquid crystal display device according to daim 1 1. wherein said protrusions and said depressions are mutually 
an'anged in parallel wrth a predetermined pitch. 

^^P'^y ^^^^ according to claim 1. wherein area of said Inclined surfaces in each pixel is less than 
50% of area of the pixel. 

13, A liquid crystal display device according to claim 1. wherein said second substrate comprising second domain reg- 
ulating means for regulating azimulhs of the oblique orientations of said liquid crystal; 
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14. A liquid crystal display device according to claim 13. wherein said second donnain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
Inclined surfaces, and said first and second structures include protrusions projected to a layer of said liquid crystal. 

15- A liquid crystal display device according to claim 13. wtierein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
Inclined surfaces, and said first and secorvJ structures include depressions depressed from a layer of said liquid 
crystal. 

16. A liquid crystal display device according to claim 13. wherein said second domain regulating means conrprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, one of said first and second structures includes protrusions projected to a layer of said liquid 
crystal, and the other includes depressions depressed from a layer of said liquid crystal. 

1 7. A liquid crystal display device according to claim 1 3. wherein said second domain regulating means is slits provided 
on a second electrode of said second substrate, arxi said first structure Includes protrusions projected to a layer of 
said liquid crystal. 

15. A liquid crystal display device according to claim 1 3, wherein said second domain regulating means is slits provided 
on a second electrode of said second substrate, and said first structure includes depressions depressed from a 
layer of said liquid crystal. 

19. A liquid crystal display device according to claim 13, wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second 5uk>strate and said liquid crystal to 
inclined surfaces, and said first and second structures respectively include a pair of protrusions arxi depressions 
depressed from a layer of said liquid crystal. 

20. A liquid crystal display device according to claim 19. wherein said protrusions and depressions on each substrate 
are mutually arranged in parallel with pitches of one and three, said protrusions and depressioris of said first and 
second substrates are arranged in parallel to each other and are arranged so that said protrusions and depressions 
face wide spaces corresponding to large pitch, £ind protrusions and depressions of different substrates respectively 
neighbor. 

21. A liquid crystal display device according to daim 13, wherein said first structure includes depressions depressed 
from a layer of said liquid crystal, a first electrode of said first sUt^strate Includes slits, said second domain regulat- 
ing means comprises a second structure including depressions depressed from a layer of said liquid crystal and 
slits provided on a second electrode of said second substrate. 

22. A liquid crystal display device according to claim 21. wherein said depressions and slits on each substrate are 
mutually arranged in parallel with pitches of one and tivee. said depressions and slits of said first and second sut>- 
strates are arranged in parallel to each other and are arranged so that said depressions and slits face wide spaces 
corresponding to large pitch, and protrusions and depressions of different substrates respectively neighbor. 

23. A liquid crystal display device according to claim 13, wherein said secorvj domain regulating means comprises a 
second structure provided on said second substrate for partially changing a contact surfeice between said second 
substrate and said liquid crystal to incOned surfaces. 

24. A liquid crystal display device according to claim 23. wherein said first and second structures are made of dilerectric 
materials on electrodes of said first and second substrates. 

25. A liquid crystal display device according to claim 23, wherein said first and second structures are made of conduc- 
tive materials on electrodes of said first and second sut>strates. 

26. A liquid crystal display device according to claim 23, wherein said first and second structures are provided under 
electrodes of said first and second substrates, and surfaces of said electrodes partially have inclined surfaces cor- 
responding to said first and second structures. 

27. A liquid crystal display device according to claim 23, wherein said first and second structures are arranged perimet- 
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lie portions outside of display area in which no pixel exists. 

28. A liquid crystal display de^rice according to daim 24, wherein said dielectric iraterial forming said first and second 
structures IS photosensitive resist • »• cwiu swwna 

29. A liquid crystal display device according to daim 28. wherein said photosensRive resist Is a novolak resist. 
^ drSl" "^'^'^ according to daim 28. wherein said photosensRive restet is bated after a pattern is 

31. A liquid crystal display device according to claim 24. wherein the capadtance of said first and second structures is 
ten or less times larger than the capadtance of a byer of said liquid crystal located under or near said protnisions. 

32. A liquid crystal display device according to daim 24. wherein the spedfic resistance of said first and second struc- 
15 tures IS equal or larger than the specific resistance of said liquid crystal. 

^ ^ ''?'«J'j'VStal display device according to daim 24. wherein said first and second structures include protmsions 
projected to a teyer of said liquid crystal, and said protrusions are made of material shielding visibie Oght 

20 34. A liquid crystaJ display device according to daim 24. wherein said first and second stnictures indude protnisions 
StS?cfi?^£[r ^ protrusions are provided with dente each having a dope in a lon- 



25 



30 



35. A ciystal display device according to daim 24. wherein said first and second stnjctures indude protmsions 

•"^^ « ^ ^ ^ P*^y *'a^"9 a slope in a longitudinal direction are formed 

on said protrusions. 

^ '^^^ ^'^'fding to claim 24. wherein said first and second stnictures indude protmsions 

projected to a layer of said liquid crystal, and center portions of said protmsions are depressed. 

^' ^^^T^. '^^'^ according to daim 24. wherein said first and second stmctures Indude protmsions 

projeded to a layer of said liquid crystal, and said protrusions include a pluraUty of small holes extending near to 
the surface of said electrodes. 

^ ^ ^iJ?J'''''^'*^**^y*'*^"»«»'^''«todalm24.whereinsa^ 

39. AIMdc2«taldisplaydeviceaccordingtodaim38.wh«^^^ 
addedwiHi addition agent having ion absorption ablBljes. 

40 

40. A liquid crystal display device according to daim 24, wherein said first and second structures indude protrusions 
projected to a byer of said liquid crystal, and the surfaces of said protnisions is treated so as to be adapted for 
forming vertical alignment f flms thereon. ^ 

« 41. A liquid wyslal display darice according to daim 40, wherein said surface treatment to the surfaces of said protru- 
sions IS eff eded for fbrming ruggednese. 

42. A liquid crystal display device according to claim 40, wherein said protmsions are made of resist and said surface 
H!! ® surfaces of said protmsions is effeded for irradiating with uHravldet rays to the surfaces of said 

w protrusions. 

43. A Gquid crystal display device according to daim 40, wherein said protmsions are made of materials in which par- 
ticulates are dispersed. 

S5 44. A BquW crystal displ^ device according to claim 40. wherein sllane coupling agwit is coated on the surfaces of said 

protrusions. 

45- A fiqutd crystal displ^ device according to daim 24. wherein said first and second structures are formed by print- 
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ing. 

46. A liquid crystal display device according to daim 24, wherein said first and second structures includes protaisions 
projected to a layer of said liquid crystal, a diameter of spherical spacers difinlng a thickness of said layer of sa liq- 
uid crystal is a difference subtracted a height of said protrusions from a desirak>le thickness of said liquid crystal 
layer. 

47- A liquid aystal display device according to claim 46. wherein a ratio of area of said protrusions with respect to dis- 
play area is between 1/10 to 1/2, said spacers have a particle size distribution whose standard deviation is 0.1 to 
0.3 micrometers, and said spacers are dispersed with a density of 300 particles per square millimeter. 

48. A liquid aystal display device according to claim 46. wherein hardness and elastic modulus of the material forming 
said protrusions are larger than those of said spacers. 

49. A liquid crystal display device according to claim 24. wherein said first and second structures includes at least one 
layer simultaneously formed with other portions of the device. 

50. A liquid aystal display device according to claim 49. wherein one of said first and second structures, which is on a 
TFT substrate on whfch active elements are formed, includes at least one insulating lE^er for Insulating said active 
elenrrents or bus lines. 

51 . A Ikiuki aystal display device according to claim 49. wherein one of said first and second structures, which Is on a 
color filter (CF) substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 
jected to a layer of said liquid aystal, and said protrusions on said CF substrate is made of materials same as mate- 
rials of black matrices for shielding light at boundaries between pixel electrodes and bus lines or portions of active 
elements. 

52. A liquid aystal display device according to claim 51. wherein one of said first and second structures, which Is on a 
color f ater (CF) substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 
jected to a layer of said liquid crystal, and saki protaisions on said CF substrate are formed by piling at least one 
material of color filters. 

53. A liquid aystal display device according to claim 51 . wherein one of said first and second structures, which is on a 
color f flter (CF) substrate facing a TFT substrate on which active elements are formed, irwludes protrusions pro- 
jected to a layer of said liquid crystal, said protrusions on said CF substrate are formed by photo lithogrcphy with a 
mask conresponding to piled portions of at least two color filters. 

54. A liquid aystal display device according to claim 51. wherein one of said first and second structures, which is on a 
color f Qter (CF) substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 
jected to a layer of said liquU crystal, an electrode of said CF substrate Is formed on color filters, and said protru- 
sions oh saki CF substrate are ffom^ed at boundaries of sak) color filters. 

55. A liquid crystal display device according to claim 23, wherein a part of said first and second structures are arranged 
at a perimeter of each pixel. 

56. A liquid aystal display device according to claim 55, wherein said first and second structures arranged at a perim- 
eter of each pixel are made of material shielding light 

57. A Ikfukl crystal display device according to claim 55. wherein said first and second structures arranged at a perim- 
eter of each pixel define a thickness of a layer of said liquid crystal. 

58. A liquid aystal display device according to claim 55, wfiereln the perimeter at which said first and second structures 
are ananged is a part of whole perimeter of each pixel. 

59- A liquid crystal display device according to claim 23, wherein at least one of said first and second structures 
includes protrusions projected to a layer of said liquid crystal, height of said protrusions is equal to a desirable thick- 
ness of a layer of saki liquki crystal. 
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60. A liquid aystal display device according to daim 23, wherein said first and second structures includes protrusions 
projected to a layer of said liquid crystal, a sum of height of said protrusions of said first and heitfit of' said protru- 
sions of said second struclwes Is equal to a desirable thickness of a layer of said liquid crystal. 

61. A nquid crystal display device according to claim 13. wherein said second domain regulating means includes slits 
provided on a second electrode of said second substrate. 

62. A liquid crystal display device according to claim 61. wherein sakJ second electrode consists of pixel electrodes 
and each pixel electrode comprises partial electrodes divided by said slits and electrical connection portions elec- 
trically connecting said partial electrodes. 

63. A liquid crystal display device according to claim 62. wherein said electrical connection portions are arranged at 
perimeter off said pixel electrode. ^ 

64. A liquid crystal display device according to claim 62. comprising Hght shield means for shielding a part of said elec- 
trical connection portions. 

65. A fiquld Grysfardsp!^ device according to claim 62, wherein said second domain regulating means includes pro- 
trusions higher than surfaces off said pixel electrodes and arranged Inside said slits. 

66. A liquid crystal display device accordng to daim 13. wherein said first stmcture is an array of protrusions (banks) 
or depressions (gnxjves) each extending stralghtly. said protrusions or depressions are an-anged in parallel to one 
another with a predetermined pitch among them, second domain regulating means indudes an array of protrusions 
or depressions or slits each extending straighUy. said protrusions, depressions or slits are airanged in parallel to 
one another with said predetemnined pitch among them, said predetermined pitch is less than an anangement 
pitch off said pixel electrodes. 

67. A liquid crystal display device according to daim 13. wherein said first structure is a pair off arays of protrusions 
(banks) or depressions (grooves) each extending stralghtly. said protrusions or depressions are arranged in parallel 
to one another with a predetermined pitch among them, second domain regulating means indudes a pair of arrays 
of protrusions or depressions or slits each extending straightly. said protmsions. depressions or sIHs are arranged 
in parallel to one another with a predetermined pitch among them, directions in which said protmsions or depres- 
sions or slits of sad pairs extend are different to each other, and sakJ predetermined pitches are less than an 
arrangement pitch of said pixels. 

68. A liquid crystal display device according to daim 57. wherein said directions in which said protrusions or depres- 
sions or slits of saki pairs extend are mutually different by 90 degrees. 

69. A liquid crystal display device according to daim 67. wherein said first structure Indudes protrusions, said second 
domain regulating means indudes protrusions or slits, protmsions or slits of one of said pairs are mutuaBy offset by 
a half of said predetermined pitch, protmsions or slits of the other of said pairs are a little offset from a state in which 
said protrusions or sIHs face. 

70. A liquid crystal display device according to any one off daims 66 to 69. wherein said predetermined pitch is an inte- 
gral submultiple of arrangement pitch of said pixels. 

71. A tiquid crystal display device according to daim 13, wherein said first stmcture is an array of protrusions (banks) 
or depressions (grooves) each extending in one direction and being bent in zigzag at intervals of a predetermined 
cyde. said protrusions or depressions are arranged in parallel to one another witti a predetermined pitch among 
them, second domain regulating means indudes an array of protrusions or depressions or slits each extending in 
one direction and being bent in zigzag at intervals off said predetermined cycle, said protrusions, depressions or 
slits are ananged in parallel to one another with said predetermined pitch among them. 

72. A liquid crystal display device according to daim 71. wherein pixel electrodes are bent in zigzag, and patterns off 
said protmsions. depressions or slits correspond to said pixel electrodes. 

73. A liquid crystal display device according to daim 71, wherein bus lines are partially bent in zigzag and in corre- 
spondence to the patterns of said pixel electrodes. 
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74. A liquid crystal display device according to claim 71 , wherein a pattern of each pixel electrode is almost a square, 
and pixel electrodes in adjoining row are mutually offset by a half of arrangement pitch of said pixel electrodes. 

75. A liquid crystal display device according to claim 74, wherein data bus lines extend in zigzag along with edges of 
said pixel electrodes. 

76. A liquid crystal display de/ice accofding to claim 71, wherein said predetermined pitch is an integral submultiple of 
said pixels. 

77. A liquid crystal display device according to daim 76, wherein said predetennined cyde is an integral submultiple of 
said pixels. 

78. A liquid crystal display device according to any one of claims 66, 67 or 71 . wherein said first structure indudes pro- 
trusions, said second domain regulating means indudes protrusions or slits, said protrusions of said first structure 
and said protrusions or sIHs of said second domain regulating means are offset by a half of said predetermined 
pitdi. 

79. A liquid crystal display device according to any one of claims 66, 67 or 71 , wherein said first structure Indudes pro- 
trusions, said second domain regulating means indudes protrusions or slite. said protrusions of said first structure 
and said protrusions or slits of said second domain regulating means are offset from a state in which said protru- 
sions or slits face* and said offset Is fully smaller than said predetermined pitch. 

80. A liquid crystal display device according to any one of claims 66. 67 or 71, wherein said first structure indudes 
depressions, said second domain regulating means indudes depressions, said depressions of said first structure 
and said depressions of said second domain regulating means are offset by a half of said predetermined pitch. 

81. A liquid crystal display device according to any one of claims 66, 67 or 71, wherein said first structure indudes 
depressions, said second domain regulating means irxdudes protrusions or slits, said depressions of said first 
structure and said protrusions or slits of said second domain regulating means are arranged to face to each other. 

82. A liquid crystal display dance according to daim 1 , wherein said first structure indudes protrusions, a liquid crystal 
injection port through which said liquid crystal in injected into a gap between said first and second substrates is 
located on a side of said device vertical to a direction in which said protrusions are extending. 

83. A liquid crystal display device according to claim 82, wherein exhaust ports through which an air or liquid crystal is 
exhausted from the gap when said liquid crystal is injected are located on a side opposite to the side on which said 
liquid crystal injection port Is located. 

84. A liquid crystal display device according to claim 82, wherein an electrode used to apply a voltage to said liquid 
crystal and having no relation to display Is formed near said liquid crystal irijection port 

85. A liquid crystal display device according to daim 23, wherein said first structure indudes protrusions formed with a 
two-dimensional lattice, said secorxJ structure include point-like protrusions respectively facing centers of each 
frame element of said two-dimensional lattice. 

86. A liquid crystal display device according to daim 85. wherein at least one of an-angement pitches of said two- 
dimensional lattice is smaller than one of anangement pitches of pixel electrodes. 

87. A liquid crystal display device according to daim 85, wherein arrangement pitches of said two-dimensional lattice 
coincide with arrangement pitches of pixel electrodes. 

88. A liquid crystal display device according to claim 86. wherein said protrusions having said two-dimensional lattice 
form are anranged on boundaries of pixel electrode on a TFT substrate on which active elements are formed, and 
said polnt-nke protrusions are arranged on a color filter substrate fadng said TFT substrate so that each point-Iilie 
protrusion faces to a center of each pixel electrode. 

89. A liquid aystal display device according to daim 23, wherein said first and second structures includes a plurality of 
groups each having protrusions extending along edges of rectangulars of similar figures and of different sizes, and 
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said protrusions- are mutually arranged so that centers of respective rectangulars coincide to each other. 

90. A liquid crystal display device according to claim 89, wherein said rectangulars are similar to said pixels, a maxi- 
mum size of said rectangular coincides with that of each pixel, and centers of said rectangulars of each group coin- 
cide with a center of each pixel. 

91. A liquid crystal display device according to claim 13. comprising auxifiary domain regulating means arranged 
perimeters of each pixel for generating orientation regulation force in a cfirection different from the direction of ori- 
entation regulation force by the electric field generated in a non-display region. 

92. A liquid aystal display device according to claim 91, wherein said auxiliary domain regulating means is arranged 
along a part and in the neighboihood of an edge of said pixel. 

93. A liquid crystal display device according to daim 23. wherein said first and second domain regulating means are 
protrusions projected to a layer of said liquid crystal, pixel electrodes are provided on said first substrate, a counter 
electrode is provided on said second electrode, and at the edges of each pixel electrode extending in parallel to the 
extending direction of said protrusions, the protrusions nearest to the pixel electrode Inside said pixel electrode are 
located on sakf second substrate, and the protrusions nearest to the pixel electrode outside said pixel electrode are 
located on said first sutsslrate. 

94. A liquid crystal display device according to claim 93. wherein said protrusions nearest to said pixel electrode out- 
side said pixel electrode are arranged on a bus line. 

95. A liquid crystal display device according to daim 23, wherein said first and second domain regulating moans are 
arrays of protrusions projected to a layer of said liquid crystal, and in said array of protrusions, at least one repeti- 
tion condition of the array such as the width of the protrusions, the interval between adjacent protrusions and the 
height of the protrusions indudes at least two different values. 

96. A liquid crystal display device according to daim 95, wherein the interval between adjacent protrusions is smaller 
In the neighborhood of the bus line than at the central portion of the pixel. 

97. A nquld crystal display device according to daim 95, wherein a plurality of pixels constRute a set of pixels, at least 
one of the width of the protrusions, the Interval between adjacent protrusions and the height of the protrusions is 
different arviong a plurality of pixels constituting each set of pixels, and the width of tiie protrusions, the interval 
between acOacent protrusions and the height of the protrusions are fixed in each pixel. 

98. A liquid crystal display device according to claim 97. wherein the thidaiess of the layer of said liquid crystal is dif- 
ferent at ttie plurality of pixels constituting the set 

99. A liquid crystal display device according to daim 23, wherein said first and second donrtaln regulating means are 
arrays of protrusions projected to a layer of said liquid crystal, and said array of protrusions indudes periodically- 
repeated protrusions having two or more different values of side surface Inclination angles (taper angles). 

100. A liquid crystal display device according to daim 99. wherein a plurality of pixels constitute a set of pixels, tiie side 
surface indination angle of a protrusion is varied from one pixel to another in each pixel set and the side surface 
inclination angle of the protrusion in each pixel is fixed. 

101 .A liquid crystal display device accorcfing to daim 13. comprising auxiliary elect-odes (CS electrodes) for forming a 
storage capacitor with pixel electrodes, wherein said auxiliary electrodes are formed along of said domain regulat- 
ing means. 

102. A liquid crystal display device according to claim 13, comprising light shielding patterns provided along of said 
domain regulating meems. 

103. A liquid crystal display device according to claim 13. wherein said first structure is a first array of protrusions 
(banks) each extending straightiy in a first direction, said protrusions are arranged in parallel to one another with a 
predetermined first pitch among them, said second domain regulating means includes a second array of protru- 
sions or slits each exterxiing straightiy In a second direction different from the first direction, said protrusions or slits 
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are arranged In parallel to one another with a predetermined second pitch among them. 

1 O^JK liquid crystal display device according to claim 1 03, wherein additional protrusions or slits are further provided at 
cerrters of frames, which are formed when vertically seen to the si^strates by said first array of protrusions and said 
second array of protrusions or slits, on either of said first or second substrata 

1 0SJK liquid crystal display device according to daim 104. wherein said additional protrusions or slits have figures sim- 
ilar to the frames. 

1 OSJK liquid crystal display device according to claim 1 03. wherein said first array of protrusions and said second array 
of protrusions or slits are aossed at right angle when vertically seen to the substrates. 

1 07J\ liquid crystal display device according to claim 1 03. wherein a sum of a thicknesses of said protrusion of said first 
anray and a thicknesses of said protrusion of said second array Is equal to the thickness of a layer of said liquid ays- 
tai, and crossing portions of said protrusion of said first and second arrays operate as spacers. 

108J\ liquid crystal di^y device according to claim 13, wherein said first structure includes protrusions formed with a 
first two-dimensfonal lattice, said second domain regulating means Includes protrusions or slits formed with a sec- 
ond twoKiimensional lattice having.same an-ay pHcii^ as those of ssd first tA-OKiirr.enslonal lattice, and said first 
and second two<limenslonal lattices are offset by half pitches of said array pHches. 

1 09 JK liquid crystal display device according to claim 1 08. wherein crossing portions, which are formed when vertically 
seen to the substrates by said first array of protrusions and said second an^ay of protrusions or slits, are mutually 
omitted, and said protrusions or sUts of said first and second an^ays are intermitlen. 

UOJK liquid crystal display device according to claim 23. wherein said first and second structures include protnjsions 
(banks) of dielectric materials each extending straightly in one direction, said protrusions are arranged In parallel 
to one another with a predetermined pitch among them, electrodes of said first and second substrates are partlallv 
formed on one of slopes of said protrusions. 

Ill JV lk]uld crystal display device according to claim 1 10. wherein said dielectric rriaterials forming said protrusions 
passes visual light ^ 

1 1 2. A liquid crystal display device according to claim 1 1 0, wherein said protaisions of different substrates are arranged 
BO that elopes of said protrusions on which no electrode is formed are nearer to each other. 

1 1 3. A liquid crystal display device comprising: a first substrate and a second sii)strate processed tor vertical alignment- 
and a liquid crystal having a negative anisotropic dielectric constant and being sandwiched between said first and 
second substrates: orientations of said liquid crystal layer being vertical to said first and second substrates when 
no voltage being applied, being almost horizontal to said first and second substrates when a predetermined voltage 
being applied and being oblique to said first and second substrates when an intermediate voltage lower than the 
predetermined voltage being applied. 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
of the oblique orientations of said liquid crystal: 

said first domain regulating means includes a firet array of protrusions (walls) each extending straightly In a first 
direclfon, said protrusions are arranged In parallel to one another with a predetemiined first pitch among them: 
said second domain regulating means includes a second array of protrusions or silts each extending straightly 
in a second direction different from the first direction, said protaisions or slits are ananged in parallel to one 
another with a predetermined second pitch among them. 

1 1 4 liquid crystal-display device according to daim 1 1 3, wherein additional protrusions or sIHs are further provided at 
centers of frames, which are formed when vertically seen to the substrates by said first array of protrusions and said 
second array of protrusions or slits, on either of said first or second substrate. 

115.A liquid crystal display device according to daim 114, wherein said additional protrusions or slits have figures sim- 
ilar to the frames. 
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1 1 6.A liquid crystal display device according to claim 1 1 3. wherein said first array of protrusions and said second r rrav 
of protrusions or slits are crossed at right angle wtien vertically seen to tfie substrates. 

11 7^ Hquid crystal display device comprising: a first substrate and a second substrate processed for vertical alignment- 
and a bquid crystal having a negative anisotropic dielectric constant and being sandwiched between said ffrst and 
second sutetrates: orientations of said liquid crystal layer being vertical to said first and second substrates when 
no voltage being applied, being almost horizontal to said first and second substrates when a predetermined voltage 
bang applied and being oblique to said first and second substrates when an intermediate voltage lower than the 
predetermined voltage being applied. 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
of the oblique onentations of said liquid crystal; 

said first domain regulating means includes an an^y of protrusions (banks) or depressions (grooves) or slits 
eadi extending in a direction and being bent in zigzag at intervals of a predetemiined cyde. said protrusions 
or depressions are arranged in parallel to one another with a predetermined pitch among them- 
second domain regulating means includes an array of protrusions or depressions or slits each extending in 
said direction and being bent In zigzag at Intervals of said predetemiined cyde. said protnjsions, depressions 
or slits are arranged in parallel to one another with said predetemiined pitch among th«n. 

^ ^^SidflS^ according to daim 117. wherein said predetemiined pitdi is an integral siA>multiple 

"'"SSw pfcS& ' ^^"^ according to daim 117. wherein said predetermined cyde is an integral submuKipIs 

1 2aA liquid aystal display device according to daim 1 1 7. wherein said protnisions or depressions or slits of said first 
and seoons sUDstrales are offset by a haH of said predetermined pitch. 

121^ liquid crystal display device, characterized by comprising: 

a llqiid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfeces of which a vertical alignment 
treatment is performed, and in which orientations ol said liquid crystal are nearly vertical to said substrates 
when no voltage is applied across said liquid crystal, and are nearty horizontal when a voltage is applied across 
sad liquid crystal, and are nearty oblique when a voltage being less than a predetermined voltage is applied 
across said liquid crystal, and in which domain regulating means consisting of one of or a combination of pro- 
trusions, depressions and slits fbmied in electrodes is provided on a surface of at least one of said two sub- 
strate and m wrfiich. when a voltage being less than the predetermined voltage is applied across said liquid 
crystal, said liquid crystal is regulated so that the oblique aHgnment is caused in a plurality of directions in each 

pIXGI* 

first and second pdarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles: and 

at losBt one phase difference film havlhg optically biplane positlva uniaxiality, placed in at least one of spaces 
formed bebween said liquid crystal panel and one of said first and second polarizing plates, which are provided 
at one or both of the sides of said Hquid crystal panel, and between said liquid crystal panel and the other 
thereof. 

122^ liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two siA)strates. namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strati^ when no voltage is applied across said liquid crystal, and are nearly horizontal when a voltage is 
appDed across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age IS applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protrusions, depressions and slits formed in electrodes is provided on a surface of at least one of 
said two substrate and in which, when a voltage being less than the predetermined voltage is applied across 
said iK^id crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 
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tions in each pixel; 

first and second pdartzing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; and 

at least one of phase difference films each having optically negative uniaxialrty in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polarizing plates, which are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal panel and the other thereof. 

123^ liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy Is sandwiched 
between two sUjstrates. namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical to said substrates 
when no voltage is applied across said liquid crystal, and are nearly horizontal when a voltage is apfi^ied across 
said liquid crystal, and are neariy oblique when a voltage being less than a predetermined voltage is applied 
across said liquid crystal, and in which domain regulating means consisting of one of or a combinatibn of pro- 
trusions, depressions and slits formed in electrodes is provided on a surface of at least one of said two sub- 
strate and in ^hich, when a voltage being less than the predetermined voltage is applied across said liquid 
crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of directions in each 
pixel; 

first and second polarizing plates placed at both sides of said fiquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 

a first phase difference film having optically inplane positive uniaxiality, placed between said liquid crystal panel 
and said first polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said first 
polarizing plate at right angles; and 

a second phase difference film having optically negative uniaxiaiity in a direction of thickness thereof, placed 
between said liquid crystal panel and said second polarizing plate. 

124^ liquid crystal display device, characterized by comprising: 

a liquid crystal panel In which a liquid crystal having a negative dielectric constant anisotropy Is sandwiched 
between two substrates, namely, upper and lower sut>strates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage Is applied across said liquid aystal. and are neariy horizontal when a voHage is 
applied across said liquid crystal, and are neariy oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protrusions, depressions and slits fomied in electrodes is provided on a surface of at least one of 
said two substrate and in which, when a voltage being less than the predetermined voltage is applied across 
said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused In a plurality of direc- 
tions in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that Eibsorption axes 
thereof intersect with each other at right angles: 

a first phase difference film having optically inplane positive uniaxiaiity. placed between said liquid crystal panel 
arxl said first polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said first 
polarizing plate at right angles; and 

a second phase difference film having optically negative uniaxiaiity in a direction of thickness thereof, placed 
between said first phase difference film and said first polarizing plate. 

125J\ liquid crystal display device, characterized by comprising: 

a liquid crystal panel In which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are neariy vertical alignment to said sub- 
strates when no voltage is applied across said liquid crystal, and are neariy horizontal when a voltage is 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protrusions, depressions and slits formed in electrodes is provided on a surface of at least one of 
said two substrate and in which, when a voltage being less than the predetermined voltage is applied across 



68 



EP0 884 626 A2 



polarizing plate ^X^^l J^ ^'^'^^ ^ f irS 

liquid crystal display device, characterized by comprising: 

treatmerrtisper(ormed!a,XwSi^?Sl^^ °" « «"9nment 

stmtes When no voS^te aSii^^cr!^^?^ 
applied across^XSS crS fnd arrn.^v „S^^ T"^- ^? ^™ ""^'^ « collage is 

age Is applied ^ «JdS c^^^l - ^ °f ^ ^"^^^ ^^"^ »«" « predetermined voH- 

bS,aticnrf or,^^^^J::r.jr':^TJV!^^. fj"^" '^F^'^*^ means consisting 

of one Of or a com- 

said two substrate and^n S when^ votiTS^".^^ "'fT""* °" of at least one of 

said liquid crystal, said iJuwSJS fe r^uSL^^^^^^ 

tons in each pixel ^ ^ so that the oblique ahgnnwrt te caused in a plurality of direc- 

SSrnreS^r^XiltSStl^^ ^ •» «»• axes 

in '^r:S^S'S:>^'^ZZ::^Z'^^^ n, and n, and dielectric cor^tant n. 

spaces betweenJSrnS^^^SSrel^^^^^ 1^ ^ ^ <^ 

liquid crystal panel and fte ZrlS ^ PO»arWng plates and between said 

127^ liquid crystal display device, characterized by con^jrising: 

age is appHed across SSuWcS" faSl:^ 1 Predetermined volt- 

lr> a plurality of directions Irl eich 3^- ' """^'^y^ » regulated so that the oblique alignment is caused 

l?rrn:e^.^r?r^:tSg^t^^^ ^ -^^^ - ^^^^^^on axes 

t'^tZTj,"^'S':!l!^.T^'' T^'r. '^""^ P'-^* '^-^ one Of spaces 

thereof. °" " o* ««1 crystal panel, and between said liquid crystal panel and i^e othw 

128^ fiquid aystal display de«ce. characterized by conprising: 

^^t^^sS^^JT^::,:!''^ ^^-^ -isotropy is sand^ched 

strates when no voltaoe fe aSS^er^f 

hrst arid second polarizing plates placed at both sides of said Hquid crystal oanel eo th»i »he„»^ 
thereof intersect with each other at right angles: and panel so that absorption axes 



69 



EP0 884 626A2 



at least one of phase difference films each having optically negative uniaxiality in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polarizing plates, wrhich are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal panel and the other thereof. 

1 29^ liquid crystal display device in which negative-type Squid crystals are held between two pieces of upper and lower 
substrates of which the surfaces are vertically oriented, said liquid crystals are oriented nearly vertically when no 
voltage Is applied, oriented neariy horizontally when a predetermined voltage is applied, and are oriented aslant 
when a voltage smaller than said predetermined voltage is applied, wherein one of said two pieces of color filter 
substrates comprises: 

a transparent support member; 

plural kinds of color decomposition filters formed on said transparent support member for each of the regions; 
a transparent electrode formed on saki color decomposition fSters; and 
a light-shielding film formed at any position on said transparent electrode. 

130J\ liquid crystal display device in which negative-type liquid crystal is held between an upper and lower substrates 
of which the surfaces are vertically oriented, said liquid crystal is oriented nearty vertically when no voltage is 
applied, oriented nearty horizontally when a predetermined voltage is applied, and are oriented aslant when a volt- 
age smaller than said predetermined voltage Is applied, wherein a molar mixing ratio of contamination elements of 
polyurethane and skin mixed to the liquid crystal is less than 1/1 000. 

131^ KqukI crystal display device according to daim 130, wheren each contamination element off the mixed poly- 
urethane or skin has an area smaller than 5 ^m x by 5 mhi. 

132J\ process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, a pro- 
trusion that works as a domain regulating means to so restrict that said Ikjuid crystals are oriented In a plurality of 
aslant direction in each pixel when a voltage smaller than a predetermined voltage Is applied, comprising: 

a step of forming a protrusion after electrodes have been formed on the surfeice of said substrata; 

a step of treating the surface of said protrusion to fecilitate the formation of a vertical alignment film; and 

a step of forming a vertical alignment film on the surface of saM substrate on which the electrodes have been 

formed, of which the surface has been treated, and which includes said protrusion. 

133.A process for producing a substrate for vertically oriented liquid crystal display according to claim 132, wherein rug- 
gedness is fomned on the surface of said protrusion by a plasma ashing treatment in the step of treating the surface 
of said protrusion. 

1 34^ process for producing a substrate for verticaDy oriented liquid crystal display according to daim 1 32, wherein rug- 
gedness is fbnmed on the surface of saki protrusion by an ozone ashing treatment in the step of treating the surface 
of said protrusion. 

1 35^ process for produdng a substrate for vertically oriented liquid crystal display according to daim 1 32, wherein rug- 
gedness is formed on the surfoce of said protrusion by washing with a brush In the step of treating the surfeice of 
said protrusion. 

1 36^ process for produdng a substrate for verticaUy oriented liquid crystal display according to daim 1 32, wherein rug- 
gedness is formed on the surface of said protrusion by rubbing in the step of treating the surface of said protrusion. 

137^ process for produdng a substrate for vertically oriented liquid crystal display according to daim 132. wherein said 
protrusion is In^adiated with ultraviolet rays in the step of treating the surface of sakI protrusion. 

138. A process for producing a substrate for vertically oriented liquid crystal display according to claim 132, wherein 
silane coupling agent is coated onto the substrate on which said protaisions are formed in the step of treating the 
surface of said protrusions. 

1 39. A process for produdng a substrate for vertically oriented liquki crystal display according to daim 1 32, wherein said 
protrusions are treated to foam yi the step of treating the surface off said protrusions. 
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140J\ process for producing a substrate for vertically oriented liquid crystal display according to dalm 139, wherein said 
substrate IS rapidly heating so that said protrusions foam in the step oS treating the surface d said protrusions. 

141,A proceMlbr producing a substrate for yerticany oriented liquid crystal display having, on the surface thereof pro- 
truaons that wrk as domain regulating means to regulate azimuths of orientations of said liquid crystal when mol- 
ecUes of said Rquid crystal are tilted by applying a voltage is applied, conprislng: 

a step of coating resin after electrodes are formed on the surface of the substrates; 
a step of scatt«^ing particulates on the-surtace of the resin; 
a step of forming the resin into protrusions; and 

a stop of forming a vertical alignment film on the sutteco of saM substrate on which the electrodes and the pro- 
trusions have been formed. 

142^ process for produdng a substrate for vertically oriented liquid aystal display having, on the surtoe thereof walls 
that work as domain regulating means to regulate azimuths of orientattons of said liquki crystal when moleoiles of 
said liquid crystal are tilted by applying a voltage is applied, conprising: 

a step of farming sets of two walls neighboring to each other; 

a step of heating said two waHs to be fused Into one wall having a groove at center ttiereof • and 
a step of forming a vertical alignment fOm on the surface of sakf substrate on which the electrodes and the pro- 
trusions have been formed. 

143^ process for producing a color filter substrate that is used as one of the two pieces of substrates for a Ikiuid crystal 
■^^l "^^^ ^® "^"'y v»rti«Uly when no voltage is applied, oriented nearly hor- 

izontally when a predetermined voltage is applied, and are oriented obtique when a voltage smaller ttian said pre- 
determined voltage is applied, said color filter substrate having plural kinds of color decomposition filters formed on 
a transparent support member tor each of tfie regions, conprising: 

a step of successively forming two or more color decomposition fillers while superposing predetermined por- 
tons one upon the other among said plural Wnds of color deconposition filters; 
a step of applying a positive-type photosensitive resin ; and 

a step of developing saM negative-type photosensitive resist after saki positive-type photosensitive resist is 
exposed, through said cotored members, to light with whtoh said positive-type photosensitive resist is photo- 
sensitized. sakI light having a wavelength ttwt transmits very less through ttie portion where said two or more 
ojior decomposition filters are superposed than through ottier portions. 

144JV process for producing a color filter substrate according to daim 1 43. further comprising a step of fonrtng a trans- 
parent and flat layer after saM plural Wnds of cotor deoomposHion filters have been formed. 

® siijstrate according to dalm 143. wherein sakl positive-type photosensitive 

resist has light-shielding property. 

146^ process for produdng a color filter substrate that is used as one of the two pieces of substrates Ibr a liquid crystal 
display device in whidi fiquid aystals are oriented nearly vertically when no voHage is appfied. oriented nearly hor- 
izontelbr when a predetermined voltage is applied, and are oriented aslant when a voltage smaller than said prede- 
termwed voltage is appfied. sakl color fHter substrate having plural kinds of color decomposition filters formed on a 
transparent support member for each of the regfons. comprising: 

a step of forming plural kinds of color decomposition filters on the transparent support member for each of ttie 
rcQions; 

a step of forming a transparent electrode on said color decorrposition filtere; and 
a step of forming a light-shielding film at any position on said transparent electrode. 

147JV process for producing a color filter substrate according to dalm 146. wherein said step tor forming the light- 
shielding film comprises: » » 

a step of applying a photosensitive resist onto said light-shielding fim which Includes said transparent elec- 
trode; 
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a step of etching said photosensitive resist after it has been developed by exposure to light through a prede- 
termined pattern; and 

a step of annealing said photosensitive resist that is left on said light-shielding film after the etching; 

wherein said photosensitive resist left on said light-shielding film works as an Insulating protrusion. 

148.A process for producing a color filter sut)strate according to claim 146. further comprising: 

a step of applying a positive-type photosensitive resist onto said transparent electrode which Includes said 
light-shielding film after the step of forming said light-shieUing f Om: 

a step of developing said negative-type photosensitive resist after said negative-type photosensibve resist has 
been exposed to light through said light-shielding film; and 

a step of annealing said photosensitive resist that is left on said tight-shielding film after the developing; 
wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 
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